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CELLULAR PHYSIOLOGY WORKSTATIONS 
FOR AUTOMATED DATA ACQUISITION 
AND PERFUSION CONTROL 

5 Rights in Ifae Invention 

This invention was made, in part, with United States 
Government support imder grant number MH-49469, awarded by the 
National Institute of Mental Health, and the United States Government 
has certain rights in the invention. 
10 Microfiche Appendix 

One microfiche appendix is filed with this application. 
Microfiche appendix A contains a total of 1 microfiche and 18 fi^es. 
Background 

1- Field of the Invention 

^5 The present invention relates to apparatuses for data 

acquisition and perfusion control in the analysis of cellular physiology 

and electrophysiology and to methods for automated petfiision and 
membrane voltage and current measurement for physiological and 
electrophysiological analysis. 
20 2. Description of the Background 

Cell membranes communicate information fi-om the 
extracellular environment by means of receptor and channel proteins 
located within tfie cell membrane. Receptor proteins are gated by 
molecules which can bind to the receptor and signal that a binding event 
25 has taken place, often by triggering the opening of ion channels through 
which ions such as sodium and chloride ions can flow. Ionic flux across a 
cell membrane generates electrical current that can be measured with 
appropriate recording equipment Electrophysiological analysis is widely 
used today to study the phaimacology and biophysics of membrane 
30 proteins. 

An expression system utilizmg unfertilized eggs, or oocytes, 
taken from the South Afiican clawed frog, Xenopus laevis. is a preferred 
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material for electrophysiological studies of receptor and ion channel 
function. Xenopus oocytes have the ability to synthesize functional 
proteins when microinjected with exogenous mRNA or cDNA constructs. 

In electrophysiological analysis, an oocyte is electrically 
connected to intraceUular voltage and current measuring and clamping 
devices. Detection of an electrophysiological response may comprise 
steps of applying appropriate receptor ligands and adjusting the holding 
potential manuaUy and measuring any changes in membrane voltage or 
current. 

Recently, electrophysiological analysis of Xenopus oocytes 
has been actively applied to many fields. In particular, 
electrophysiological analysis has been used for the study of membrane 
protein function, such as the function and phannacology of membrane 
receptors, voltage-gated ion channels, molecular transporters and ion 
15 pumps. Defined combinations of recombinant subunits, chimeric 

protems, or mutagenized constructs can be efficiently reconstituted in the 
oocyte membrane for electrophysiological analysis. For such analysis, 
the oocyte response may be monitored using intraceUular recording, patch 
clamp and internal perfusion techniques. 

It has been difficult to achieve a highly reproducible and 
reUable assay or to achieve quantitative analysis of electrophysiological 
response by conventional manual perfusion and membrane potential 
measurement techniques. These techniques have many shortcomings 
because of variabilities due to human errors, operator fatigue and 
inconsistencies between operators, and less flian optimal reproducibility 
and reUability. Further, the perfusion and detection steps typically require 
long and compUcated manual manipulations which create additional 
problems. The cultured ceU becomes less viable with time and it is 
difficult to control the temperature and oxygen tension. The limited 
30 dexterity of even the most experienced operator limits the number of 



20 



25 
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expeiiments may be perfonned on one cell. Reliance on human operators 
has resulted in reaction times that are considerably longer than 
theoretically possible. 

Conventional systems for analysis of cells have att^pted to 

5 address some of the problems of automated cell analysis. These systems 
have suffered generally from inability to individually measure a 
physiological response of a ceU, Examples of systems that do not address 
individual physiological measurements include Kearney, EngstrOm. 
FrSnzl et al. and Capco et al. 

0 Kearney (US patent no. 5,424.209), discloses a system for 

culturing and testing of cells. This culturing and testing system was 
designed for the culturing and testing of cell populations and not 
individual cells.. Engstrdm (US patent no. 5,3 12,73 1) discloses a method 
and apparatus for studying a reaction pattern of a cell or cell aggregate 

> during perfusion with different media. The system is limited to analysis 
of cell response of a through transmission microscopy. Franzl et al., (US 
patent no. 5,432,086) discloses an apparatus for the automatic monitoring 
of microorganism culture. The system is limited to the monitoring of 
microorganism growth and multiplication by an impedance measuring 

> process. Capco et al., (US patent no. 4,983,527) discloses a method for 
detection of tumor promoting compounds. Amphibian oocytes are 
contacted to a tumor promoting compound and the oocytes are examined . 
visuaUy to detect a change in the size of the light/dark hemisphere of the 
oocyte. Capco*s disclosed method is limited to contacting the oocytes to 
one solution comprising a candidate tumor promoting compound. 
Summary of the Invention 

The present invention overcomes the problems and 
disadvantages associated with cuirent strategies and designs and provides 
novel apparatus and methods for the study of membrane physiology. 

One embodiment of the invention is directed to cellular 
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physiology workstations that enable automated execution of experimental 
protocols for electrophysiological experiments and for the development of 
more complex protocols based on extended recording sessions. As 
currently developed for oocyte electrophysiology, the apparatus 
5 comprises one or more custom-built recording chambers, a perfusion 
control system designed for rapid application of about 2 to about 16 or 
more solutions under automated control, software-based virtual 
instnunentation developed to automate the execution of experimental 
protocols, and a data acquisition and control platform which integrates the 

10 entire system. The system is fully customizable through a sophisticated 
object-oriented programming language and can be easily adapted to 
applications such as patch clamp electrophysiology, calcium imaging 
studies, confocal microscopy and other applications where perfusion 
control and data acquisition need to be tightly integrated. 

13 Another embodiment of the invention is directed to 

apparatus for reproducibly detecting the electrical response of a cell to an 
agent. The apparatus comprises a plurality of recording chambers. Each 
chamber is designed to contain one or more cells such as, for example, 
one or more Xenopus oocytes. Means are provided to perfuse each 

20 recording chamber with a plurality of perfusion solutions. Each perfusion 
solution may contain a different concentration of one or more agent. A 
plurality of electrodes such as, for example, a voltage measuring 
electrode, a current injecting electrode or a glass patch electrode, may be 
connected to each cell to measure the electrical response of the cell to the 

25 presence, absence or change in concentration of the agent. The electrical 
response may also be measured at various holding potentials. 

Another embodiment of the invention is directed to 
automated apparatuses for electrophysiological measurement which 
comprises injecting means, such as a needle, for delivering an injection 

30 solution into the cell. The injection solution may comprise a second 
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agent, a protein, a nucleic acid or a combination thereof. The nucleic acid 
may be, for example, DNA, RNA or PNA. PNAs, peptide nucleic acids 
or protein nucleic acids, are syntihetic polymers capable of hybridizing in 
a sequence specific manner with natural nucleic acids. 
5 Another embodiment of the invention is directed to methods 

for reproducibly detecting a physiological response of a cell to a agent A 
cell such as, for example, a Xenopus oocyte, is perfused using an 
automated perfusion system widi a plurality of solutions, which may 
comprise different concoitrations of one or more agoits, and the 
10 electrophysiological response of the cell measured. The automated 

perfusion control system may be, for example, a gravity fed flow tiu-ough 
perfusion system. The automated perfusion control system may have an 
optimized lag time of less than about 100 milliseconds and a rise time of 
less than about 140 milliseconds such as less than about 70 milliseconds. 
^5 Another embodiment of the invention is directed to assays 

for detecting a substance which affects cellular physiology. A cell is 
injected with a nucleic acid such as, for example, DNA or RNA encoding 
a membrane receptor. The cell is perfused with a plurality of solutions 
comprising different concentration of said substance using an automated 
20 perfusion system. A change in cellular electrophysiology of the cell is 
detected to determine the effect of the substance. The period of time 
between the injecting step and the perfusing and measuring steps may be 
betwera about one hour to about 15 days. 

Another embodiment of Ac invention is directed to a 
25 substance detected by the assay. A candidate substance is used and the 
assay is performed to detect a desirable effect. A substance capable of 
inducing a desirable effect is identified by the assay. 

AnoAer embodiment of the invention is directed to a kit for 
performing the assay. The kit may comprise reagents and biosensors for 
30 the performance of die assay. 
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Other embodiments and advantages of the invention are set 
forth, in part, in the description which follows and, in part, will be 
obvious from this description and may be learned from practice of the 
invention. 

5 

Description of the Drawings 

Figure 1 depicts an automated oocyte periusion control system 
according to one embodiment of the present invention. 

Figure 2 depicts a voltage clamp and recording chamber connection 
10 according to one embodiment of the present invention. 

Figure 3 depicts ah internal perfusion control system according to 
one embodiment of the present invention. 

^ Figure 4 depicts a block diagram showing information transfer 
between the system components. 
15 Figure 5 depicts components of the perfusion system. 

Figure 6 depicts an instrumentation graphical user interface 

according to one embodiment of the present invention. 

Figure 7 depicts responses for several ligand-gated ion chaimels 
expressed after injection of the oocytes with rat brain 
20 mRNA. 

Figure 8 depicts averaged kainate dose-response data from four 
oocytes injected with GluR6 cDNA, 

Figure 9 depicts the effect of pregnenolone sulfate on kainate dose- 
response curve in oocytes injected with rat brain poly A* 
25 mRNA. 

Figure 10 depicts the measurement of pregnenolone sulfate IC50 in 
oocj^es injected with rat brain poly A* mRNA. 

Figure 1 1 depicts the effects of steroids on recombinant GluR6 kainate 
receptors. 

30 Figure 12 depicts steroid IC50 deteruMnations for recombinant GluR6 
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receptors. 

Figure 13 depicts the kainate concentration dependence of 

pregnenolone sulfate inhibition. 
Figure 14 depicts inhibition of kainate responses by stimulation of 
5 metabotropic glutamate receptors. 

Figure 15 depicts y-aminobutyric acid (GAB A) dose-response curves 

revealing reproducibility of GABA ECjo- 
Figure 16 depicts a high-resolution dose-response curve generated by 

the cellular pl^siology workstation. 
10 Figure 1 7 depicts current respcmses to 30 consecutive applications of 

100 GABA. 

Figure 18 depicts determination of reversal potential generated 
automatically by the cellular physiology workstation. 

Figure 19 depicts an examination of the endogenous calcium- 
dependent chloride current (Ici-(c.)) present in native 
oocytes. 

Detailed D escription of The Preferred EmbodimftntQ 

Performing multiple electrophysiological measurement on a 
20 plurality of cells while maintaining consistency between individual 

experiments is problematic. Difficulties associated with reproducibility 
and reliability render any more than two or three measurements suspect. 
The present invention overcomes tiiese problems using automated 
perfusion systems and metiiods tiiat are capable of controlled and 
25 consistent perfusions on a pliirality of recording chambers. 

The cellular physiology workstation of the invention, when 
applied to electrophysiology, has several advantages. Automation allows 
experimenters to maximize the amount of data that can be obtained from a 
given cell during the limited viability of microelectrode-impaled cells. 
30 Automation also increases the speed and throughput of 
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electrophysiological experiments while reducing errors associated with 
manual manipulations and waveform analysis. Manipulations required 
during a recording trial such as, toggling switches, applying drugs, 
measuring the response and timing the experiment are minimized or 
5 eliminated. Automation also enables the development of more complex 
protocols based on repetitive recordings that permit averaging of data 
before and after a given manipulation. Finally, automation of 
experimental protocols makes it feasible to utilize technician-level 
operators for the collection of electrophysiological data. This is 

10 advantageous for dmg screening and receptor characterization. By 
minimizing tintiing, perfusion and instrument control manipulations, 
automation reduces experimenter fatigue during extended recording 
sessions. Protocols which are too complex, fast, or repetitive for manual 
performance may be preprogrammed and executed consistently and 

15 reliably with a single keypress. Further, the experimenter may focus on 
the hypotibesis being tested radier than the mechanics of 
electrophysiological technique. Automation enables the precise timing of 
agent application, such as dmg application, and improves the quality of 
experimental data by reducing inadvertent errors, idiosyncratic variations 

20 in protocol between different investigators, and introduction of noise 
through manual manipulations. Automated waveform analysis reduces 
measurement errors as well as the post-processing time necessary for the 
analysis of experimental data, while enabling real-time evaluation of 
results. Additionally, the efficiency and speed of data generation are 

25 increased, thereby allowing mass, parallel screenings of large chemical 
libraries. This added throughput also allows the researcher the 
opportunity to test secondary hypotheses that might otherwise have been 
neglected due to recording time limitations or the tedious nature of the 
task. The physiology workstation is especially useful and advantageous 

30 in pharmaceutical, chemical, and biotechnical research and development. 
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The methods and apparatus of the invoition is especially suited for 
repetitive or complex protocols, such as a drug dose response analysis. 

Accordingly, the present invention provides an application- 
specific integrated workstation, particularly one for cellular 
5 electrophysiology such as oocyte electrophysiology, which results in a 
tremendous reduction in time expenditure in assembly. Additionally, the 
invention provides an automated workstation which provides greater 
efficiency and higher productivity- The workstation provides a tightly 
integrated system comprising recording chambers, perfusion system, data 
10 acquisition platform and instrumentation software that enables immediate 
experimentation withom additional set up. At the same time, system 
flexibility is preserved by allowing selection of amplifiers, microscopes, 
micromanipulators and otfier such devices that are most appropriate for 
tiie experimenter's requirements. 

The apparatuses and methods of the present invention may. 
also be used for techniques such as. internal perfusion of oocytes, patch 
clamp electrophysiology, brain slice recording, receptor-ligand 
interactions on cell surfaces, calciimi imaging studies, confocal 
microscopy, and in vivo microdialysis, for example. The system of the 
20 present invention may also be used to examine the function of Ugand- 
gated ion channels, voltage-gated ion channels, G-protein coupled 
receptors, activities across tfie synapse, molecular transports, cell-cell 
interactions and ion pumps. The system may also be useful for screening 
compound libraries to search for novel classes of compounds, screening 
25 members of a given class of compounds for effects on specific receptors, 
detailed pharmacological characterizations of compounds having receptor 
effects, rapid evaluation of ECjo (potency) and (efficiency), 
investigation of interactions between receptors and rapid characterization 
of a series of receptor mutants. The invention provides repetitive 
30 application, dose-response data generation, evaluation of receptors 



BNSDOCID: <VVO S71742eA1 I > 



wo 97/17426 



PCTAJS96/18832 



-10. 

expressed from poly mRNA, and evaluation of recombinant receptors 
such as, for example, y-aminobutyric acid (GABA) receptors, kainate 
receptors, and N-Mediyl-D-aspartic acid (NMDA) receptors. 

Examples of agents that may be used for the apparatus and 
5 methods of the invention include drags, receptor agonists, receptor 
antagonists, neurotransmitter, neurotransmitter analogues, enzyme 
inhibitors, ion channel modulators, G-protein coupled receptor 
modulators, transport inhibitors, hormones, peptides, toxins, antibodies, 
pharmaceutical agents, chemicals and combinations of these agents. 

10 Specific agents which may be used for the apparatus and methods of die 
invention include purinergics, cholinergics, serotonergics, dopaminergics, 
anesthetics, benzodiazepines, barbiturates, steroids, alcohols, metal 
cations, cannabinoids, cholecystokinins, cytokines; excitatoiy amino 
acids, GABAergics, gangliosides, histaminergics, melatonins, 

15 neuropeptides, neurotoxins, endothelins, NO compounds, opioids, sigma 
receptor ligands, somatostatins, tachykinins, angiotensins, bombesins, 
bractykinins, prostaglandins and combinations of these agents. 

Another embodiment of the invention is directed to an 
automated workstation for data acquisition and perfusion control to 

20 facilitate electrophysiological measurement. A preferred apparatus and 
method are described in relation to Xenopus oocytes as follows, but it is 
clear to one of ordinary skill in the art that the described apparatus and 
methods are broadly applicable to many cell types. 

25 Automated Perfusion Control System 

One embodiment of the present invention, depicted in 
Figure 1, is an automated perfusion control system for 
electrophysiological studies of Xenopus oocytes. The system comprises 
computer 10, operating instrumentation software, recording chamber 12 

30 designed to receive a cell such as for example, oocyte 32, and perfusion 
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control system 14. Peifiision control system 14, depicted in Figure 1 and 
Figure 5, comprises valve controller 16, connected to and under the 
control of computer 10. Valve controller 16 is connected by a plurality of 
tubes 44 to a plurality of constant flow reservoirs 18 to multi-barrel 
5 manifold 20. Each reservoir comprises ventilation means 46 which allow 
gravity flow of solution from the reservoir 18, through tube 44 when 
valve controller 16 is open. Valve controller 16 comprises a plurality of 
solenoid valves. The ^stem may also comprise voltage clamp amplifier 
22 connected to and under control of computer 10 via BNC box 24. 
1 0 Voltage clamp amplifier 22 is connected to oscilloscope 26 and to two 
impaling electrodes 28 and 30 in recording chamber 12. 

According to one embodiment of the present invention, the 
automated perfusion control system of die cellular physiology workstation 
may comprise a plurality of reservoirs 18 containing one or more different 
1 5 perfusion solutions. The re A valve 16 may be used to control delivery of 
the fluid to the one or more recording chambers 12. The fluid valve may 
be manual or machine operated. A machine operated valve may be 
controlled directly by computer means within the cellular physiology 
workstation. The automated perfusion control system may comprise 
20 between 2 to about 100 reservoirs, preferably between about 4 and about 
20 reservoirs. The automated perfusion control system may optionally 
comprise a mixing means, such as a mixing chamber, between the fluid 
valve and the recording chamber. 

25 Oocvte Preparation 

In a preferred embodiment cells monitored by the cellular 
physiology workstation are Xenopus oocytes. Niunerous methods for 
preparing oocytes and poly A^ RNA are known to those of skill in the art. 
One method is described as follows. 

Donor animals, female oocyte positive Xenopus laevis 
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firogs, are anesthetized in a solution of about 0. 15 % Tricaine for about 30 
minutes. Ovarian sections are removed through a lateral abdominal 
incision, after which the incision is sutured with about 4 to about S 
stitches and the frog is allowed to recover in isolation for about 3 to about 
5 4 hours. Ovarian lobules containing the follicular oocytes are 

immediately rinsed widi calcium-free ND96 solution (96 mM NaCl, 1 
mM MgClj, 2 mM KCU 50 mM Hepes, 2.5 mM pyruvate) and cut into 
clumps of about 10 to about 20 oocytes. Following 2 mg/ml collagenase 
treatment (Sigma) at room temperature for about 2 hours, individual 

10 oocytes are obtained free of their follicular layer. Selected oocytes 

(Dumont stage V and VI) are then transferred to 60 x 15 mm glass petri 
dishes containing ND96 (96 mM NaCl, 1 mM MgClj, 2 mM KCl, 50 mM 
Hepes, 2.5 mM pyravate) and maintained in an incubator at a temperature 
of about 18**C to about 19**C: 

15 Poly A* mRNA are extracted from brain tissue and neuronal 

cell culture using a magnetic separation protocol basedi on tlie Dynabeads 
Oligo (dT)25 kit (Dynal, Olso, Norway). Briefly, die protocol utilized 
magnetic beads diat have an attached poly-T moiety which can bind poly 
A* mRNA for separation. Tissue is homogenized, cells are disrupted, and 

20 the lysate is added to an aliquot of Dynabeads. Magnetic separation 
efElciently yields mRNA that is suitable for direct injection into oocytes. 
Batches of about 20 to about 30 select oocytes are injected with about 50 
to about 100 ng of neuronal poly A^ mRNA. Alternatively, oocytes may 
be injected with about 30 fA to about 80 fxl of RNA prepared from in vitro 

25 transcription of cDNA clones. In either case, injection may be performed 
using a £>rammond electronic microinjector. Oocytes are then maintained 
at about 18*^0 to about 19^C for about 2 to about 4 days to allow protein 
expression prior to electrophysiological recordings. After incubation, 
electrophysiological analysis of expressed receptors and ion channels may 

30 be performed using a system according to the present invention. 
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Recording Chamber 

A novel intracellular recording chamber for Xenopus oocyte 
electrophysiology has been developed to enable rapid agent application 
5 and automated control over perfusion protocols. Recording chamber 12 
features a flow-through design in which gravity-feed eliminates die need 
for pressuhzation of solution containers and drop-wise removal of 
perfusate eliminates the need for a vacuum line. As depicted in Figures 1 
and Figure 2, oo<^e 32 sits in V-shaped groove 34 in fluid chamber 36 
10 with a capacity of about 100 ftl and is stabilized against solution flow by 
microelectrode impalement. The recording chamber may be adapted to 
accept more than one cell such as an oocyte. For example, the recording 
chamber may be adapted to receive about 3, about 10, about 15, or about 
100 cells. Optionally, if it is desired to provide more stability against 
15 solution flow, additional devices such as needles or electrodes may be 
employed. This has resulted in rise times (5%-95%) of about 70 msec to 
about 140 msec for 100 \iM GAB A responses from ooi^es expressing 
GABAa receptors, which represents the fastest rise times reported to date 
fat Xenopus oocyte electrophysiology. The chamber is preferably made of 
20 non-conductive plastic and is clamped onto a microscope stage for 

stability. In one embodiment tiie entire chamber is plastic and electrodes 
28 and 30 impale oocyte 32. The physiology workstation may comprise 
more than one recording chamber such as about 3, about 10, about 15, or 
about 100 recording chambers. 
25 Electrodes 28 and 30 are connected to operational 

amplifiers A2 and Al respectively of a voltage clamp amplifier. 
Operational amplifier Al measures the voltage difference between the 
voltage recording electrode 30 and reference electrode 38 which is 
disposed in KCI well 40. KCl well 40 preferably comprises about 3M 
30 KCl and is in fluid communication with fluid chamber 36 by way of agar 
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biidge 42. Operational amplifier Al feeds the difference between 
electrode 30 and electrode 38 to operational amplifier A2. Operational 
amplifier A2 compares the voltage difference with the desired voltage 
difference, Vcom, and outputs current to injecting electrode 28 to 
5 maintain the oocyte membrane at a desired potential. In a preferred 
embodiment, the desired potential may be any value between about 200 
mV to about -200 mV such as about -60 mV and is stepped up to any 
value between about 200 mV to about -200 mV such as about -100 mV 
during agent application to increase ionic driving forces. 

10 The electrical response detected by the cellular physiology 

workstation may be a membrane potential or a membrane cuirent After 
detection the electrical response may be recorded by a recording means 
such as, for example, a digital recorder, a computer, volatile memory, 
involatile memory, a chart recorder or a combination of recording devices. 

15 The apparatus may fiuther comprise iiieans for controlling the 
temperature and oxygen level of tfie recording chamber 

Fluid chamber 36 has a port to which multi-barrel manifold 
20 may be attached for delivery of solutions (Figure 1 ). Perfusate drips 
through an aperture into a plastic perfiisate collection chamber which 

20 feeds into a disposal bottle. Flow rates of about 1.5 ml to about 3 .0 ml 
per minute can be achieved with adjustment of the height of the reservoir 
bank. Higher flow rates can be obtained with pressurization but are 
subjected only to the limitation of the stability and integrity of 
microelectrode impalement of the oocyte membrane. Minimum lag time 

25 and onset times are important for high sensitivity experiments. One 

advantage of the cellular physiology workstation is a recording chamber 
which minimizes dead volume and lag time. While pressurization and 
vacuum may be used, it is not required. The physiological workstation is 
capable of optimized lag times (valve switching to response onset time) of 

30 less than about 100 msec, such as less than 50 msec, and onset times 
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(time to go from about 5% to about 95% of maximum amplitude) of 
between about 70 milliseconds to about 140 milliseconds are obtained 
with about 100 jiM Y-aminobutyric acid (GABA) responses in oocytes 
injected with chick brain poly(A)* RNA. The solution exchange time is 
5 about one second for 50% exchange and about 8 seconds for 90% 
exchange as measured by depolarization induced by switching from 
normal Ringer to high potassium Ringer. An agar bridge may be used to 
establish electrical contact with the reference electrode through an 
attached KCl well. 

In one embodiment, a two-electrode voltage clamp is used 
widi two intracellular microelectrodes pulled on a Flaming-Brown 
micropipette puller (Model P80/PC; Sutter Instrument Co.). These 
electrodes have input resistances of about 2 mega-ohms to about 4 mega- 
ohms when filled with a solution comprising about 3M KCl. 

1 5 Microelectrode positioning and impalement of the oocyte may be 
performed under micromanipulator control. 

The recording chamber may further comprise means for 
controling gas levels such as oxygen, nitrogen, and carbon dioxide levels. 
In addition the recording chamber may further comprise means for 

20 temperature control. 



Configuration of th e recording apparatus 

The recording chamber herein described is designed to be 
clamped directly onto the microscope stage. The small size and novel 
design of this chamber permits two such chambers to be clamped side-by- 
side onto the stage of an unmodified Nikon SMZ-10 microscope for 
visual monitoring of the cells during experimentation. With slight 
modification and extension of the microscope stage, up to 5 such 
recording chambers could be so utilized. The microscope head is 
mounted on a sliding bracket to facilitate panning of the viewing field 
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across the row of parallel recording chambers. For simultaneous 
recordings from multiple oocytes^ each of these recording chambers could 
have two independent micromanipulators for positioning of the voltage- 
recording and current-injecting electrodes. At least about six 
5 micromanipulators can be positioned around the microscope stage. Ten 
or more micromanipulators might be positioned about the recording 
chamber by the careful positioning and by the use of small footprint 
micromanipulators. 

The recording chamber may optionally comprise means for 

10 receiving and automatically positioning a cell within said recording 

chamber. Positioning means may comprise indentations in said recording 
chamber for the cells such as ooc)^es to settle. Other positioning means 
iiiay also comprise robotic means, and artificial intelligence means for the 
proper positioning of the cells. Cells may be held in place after 

15 positioning by impaling probes which may or may not be a biosensor. 
The simplest impaling probe for immobilizing a cell may be a glass 
needle. Other forms of immobilizing cells such as oocyte may comprise, 
for example, adhesives, vacuum and indentations. 

The recording chamber may optionally comprise means for 

20 positioning said one or more biosensors to detect a response from the cell. 
Means for positioning may be in the form of a template with biosensors 
spaced regularly to proximate cells positioned by the automatic cell 
positioning means. The biosensors may be, for example, electrodes, patch 
clamps or microscopes. The positioning of biosensors such as, for 

25 example electrodes, may involve the puncture and penetration of the 
cellular membrane. If the cells are of uniform size, such as Xenopus 
oocytes, the depdi of penetration may be preset and fixed. Alternatively, 
the positioning and the depth of penetration may be detemiined by an 
automatic positioning system tailored for the specific cell type. The 

30 automatic positioning system may comprise for example, feedback and 
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robotic mechanism which may be computer controlled for determining the 
proper position and depth of the probes. 

Injecting means 

5 The physiological workstation may comprise optional 

means of injecting one or more injection solutions into said oocyte 
between the culturing and measuring step. The injection solution may 
comprise an agent. The agent may be a chemical, a protein or a nucleic 
acid. 

1 0 Examples of agents that may be injection include proteins, 

DNA, RNA, PNA, receptor agonists, receptor antagonists, 
neurotransmitter, neurotransmitter analogues, enzyme inhibitors, ion 
channel modulators, G-protein coupled receptor modulators, transport 
inhibitors, hormones, peptides, toxins, antibodies, pharmaceutica] agents, 

15 chemicals and combinations of these agents. Specific agents which are of 
interest include purinergics, cholineigics, serotonergics, dopaminergics, 
anesthetics, benzodiazepines, barbiturates, steroids, alcohols, metal 
cations, cannabinoids, cholecystokinins, c^okines, occitatoiy amino 
acids, GABAergics, gangliosides, histaminergics, melatonins, 

20 neuropeptides, neurotoxins, endothelins, NO compounds, opioids, sigma 
receptor ligands, somatostatins, tachykinins, angiotensins, bombesins, 
bradykinins, prostaglandins and combinations of these agents. 

Perfusion Control System 

^ Agent solutions are held in a plundity of plastic reservoirs, 

1 8, each of which has a capacity of about 15 ml to about 50 ml. 
Reservoirs are constructed so as to maintain a constant flow rate 
regardless of the level of solution in each reservoir. A constant flow rate 
is important to ensure reproducibility of responses since onset of response 

30 is influenced by agent application rate. As depicted in Figure 1, each 
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reservoir 18 contains glass siphon 44 extending down through its cap into 
the solution and vent line 46 also extending into the solution that 
equilibrates chamber pressure for maintenance of constant flow rate. 
Solution-flow is by gravity feed and the flow rate can be controlled by 
5 adjusting the height of the reservoirs. Other method of solution flow such 
as vacuum, pressure or pumping may also be used. Dropwise removal of 
■ solution through the efflux line creates negative pressure in the chamber 
which is equilibrated by means of the vent line. In one embodiment, up to 
16 different agent solutions can be prepared and placed in a rack designed 
10 to hold 16 reservoirs. Additional reservoirs may also be provided 
depending on the number of ports in manifold 20. 

Multi-barrel manifold 20 receives input lines firom the 
reservoirs 18 and provide a point of convergence for die different 
solutions. Flexible tubing, such as Tygon™, of about 0.9 mm inner 
15 diameter, carries solution from each solenoid valve of valve controller 16 
to a separate barrel on manifold 20, viiere the lines converge to an ou^ut 
port that can be coimected directly to recording chamber 12. Other 
models having additional barrels may also be used. These manifolds are 
custom-made from glass capillary tubing fitted with plastic tubing 
20 adaptors and have been made in 8- and 16-barrel models. These designs 
m i n i m ize intemal dead volume so as to enable rapid agent application and 
minimal dilution of solutions. 

The perfusion controller system functions to translate digital 
output from an analog/digital input/output (MacADIOS II) card 60 (Figure 
25 4), which is connected to computer 10, mto signals which can be utilized 
to switch relays and solenoid valves that control perfusion. Solution flow 
between die constant-flow reservoirs and multi-barrel manifold is 
preferably controlled via 16 miniature teflon-coated solenoid valves (Lee 
Valve Co.; Essex, CT). These valves are particularly suitable because of 
30 dieir corrosion resistance, biocompatibility and power requirements. 
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Other valves exhibiting these characteristics may also be used. These 
valves may be actuated by a direct cuirent voltage supplied from a direct 
current power source which would eliminate electrical hum. Direct 
current power sources may be, for example, a direct current power siqiply 
5 or a battery. The value of the direct cuirent voltage may be, for example, 
12 volts. The valves are interfaced to the instnunentation software 
through an analog/digital input/output module 16 serving as valve 
controller 16. The digital I/O module preferably comprises a 16-channel 
backplane (OPT022, #PB1 6HC) fitted with DC output modules 
10 (OPT022, #ODC5) to which the solenoid valves are connected. The 
digital I/O module connects to the digital out port of the analog/digital 
input/output (MacADIOS H) card via a flat ribbon cable and has an 
external 7.5V power supply (Figure 4). The perfusion control system 
containing the solenoid valve assembly and the digital I/O module, is 
15 housed in a box into which flow lines enter from the agent reservoirs and 
exit to the multi-barrel manifold. This gravity fed perfusion control 
system incorporates solenoid valves to allow computer controlled 
switching. 

In another embodiment, the perfusion control system selects 
20 between five different agent valves using transistor-based circuits in 
digital I/O module 16 to switch between bu£fers and agent inputs in 
response to transistor-transistor logic (TTL) signals sent on two digital 
lines from a data acquisition card such as a MacADIOS II card. Perfusion 
automation at this point provides Ae ability to turn on a bufler valve at 
25 the start of data acquisition, switch to a preselected agent valve at an 
indicated time, then switch back to buffer for agent washout, all under 
control of computer 10. This perfusion control system enables timely 
agent application protocols and removes the necessity of having to 
manually switch valves at appropriate times, tedious manipulations prone 
30 to experimental error and generation of noise. 
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According to anodier embodiment of the invention a 
chamber for internal perfusion of oocytes is depicted in Figure 3. A glass 
perfusion chamber may be drawn from a Pasteur pipette tip that has been 
melted down to form a narrow sq)ertiire. Increase of fluid level in the 
5 chamb^ leads to formation of a high resistance seal between the 

devitellinized oocyte membrane and glass. Multi-port manifold 20 feeds 
into a perfusion line 46 which is threaded close to the oocj^e 32 for agent 
delivery and thus external perfusion. Perfusate is removed through line 
48 which maintains a constant fluid level by means of a peristaltic pump 

10 50. Electrodes 28 and 30 may be in electrical contact with oocjrte 32 by a 
fluid retention sleeve 52 through which a perfusion cannula 54 may be 
advanced for oocyte membrane rupture and internal perfusion. 
Chloridized silver wire 56 provides conduction between reference 
electrode 38 in well 40 and the chamber fluid. The internal perfusion 

1 5 controller of Figure 3 allows introduction of drugs or enzymes into the 
oocyte cytoplasm and control of intracellular composition^ The use of 
Ais perfusion controller allows control over external and internal 
perfusion. 

20 Computer Control and Data Analysis Means 

Instrumentation software, currently based on the 
SuperScope II vl.43 programming environment (GW Instruments; 
Somendlle, MA), preferably operates on computer 10. SuperScope II 
provides a sophisticated graphical environment which facilitates tiie 

25 development of virtual instruments that are used for data acquisition and 
instrument control. On-screen representations of buttons, dials and sliders 
can be programmed to activate desired software routines using an object- 
oriented programming language and are used to build application-specific 
instruments. Other programming environments, for example, LabView^M 

30 by National Instruments (Austin, TX) or similar products or a general 
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purpose progranuning language such as C++ can also be used to achieve 
to achieve similar interface. An instrument for oocyte electrophysiology 
may integrate agent deliveiy, instrument control, data acquisition and 
waveform analysis through an on-screen, mouse-dhven interface. Figure 
5 6 shows a screen shot from one embodiment of such an instrument. 

While the virtual instrument programs such as SuperScope n or Lab View 
provides significant convenience for die user, instrumentation software 
may also be written by those of skill in the art 

A virtual instrument of oo<^ electrophysiology is depicted 
10 in Figure 6. The virtual instrument was created using the SuperScope II 
development environment (GW Instruments, Inc.) to allow complete 
experimental control through a graphical user-interface. On-screen 

markers (M1-M4) can be moved via the mouse to set the duration of the 
PREPULSE PHASE (the interval between markers Ml and M2), the 
15 DRUG APPUCATION PHASE (the interval between markers M2 and 
M3), and the WASHOUT PHASE (the interval between markers MS and 
M4). For each phase, the perfusion controls 1 are set to select the valves 
controlling the wash solutions. The VC COMMAND and STEP SIZE 
controls 2 are used to control the voltage-clamp amplifier. The 

20 EPISODES PER TRIAL selector 3 is used to define the number of 

episodes to be acquired, after which the trial is initiated using the BEGIN 
button 4. Wavefonns are displayed in real-time in the VOLTAGE and 
CURRENT windows 5 as they are acquired. Journal 6 automatically logs 
transcript of experimental session and provides waveform analysis. The 

25 protocol selection area 7 is used to select predefined protocols, while the 
file/log management section 8 provides file handling and data output. 

The automation routines that may be implemented allow the 
entire recording session to be controlled through the on-screen interface 
by changing control knobs using the mouse. Automated protocols have 

JO been developed that can initiate and cany out dose-response, reversal 
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potential, modulator effect and repetitive application experiments with a 
single keypress. Waveform analysis routines automatically measure 
parameters such as response amplitude, onset time and desensitization 
time constant and log this information directly to disk. Appendix A 
contains a code listing of the software implementation which may be 
operated on computer 10. 

Computer 10 may be any computer, computer workstation, 
dedicated processor, microprocessor or dedicated micro-controller. In an 
embodiment computer 10 is a Macintosh HCi computer (Apple Computer; 
Cupertino, CA), a 68030 based computer having a minimal configuration 
of 8 MB RAM and an 80 MB hard drive. Voltage and cmrent traces are 
acquired through analog to digital conversion means and similarly valves 
and perfusion controllers may be controUed through digital to analog 
conversion means. The analog/digital conversion means may be, for 
example, an analog/digital input output expansion card which may be 
installed into computer 10. 

One prefeired analog/digital input/output conversion means 
is a MacADIOS n data acquisition card (GW Instruments; SomerviUe, 
MA). This NuBus based card has an additional 12 bit A/D converter 
dau^terboard, 2 analog output channels 8-bit digital I/O port, can be 
configured with additional daughterboards for enhanced functionality to 
facilitate independent acquisition of 2-channel data and a 16 bit digital 
I/O daughterboard that is used to trigger digital TTL lines for control of 
solenoid valves. The MacADIOS II card is interfaced to laboratory 
25 equipment through a MacADIOS APO analog I/O panel which provides 
electrical connections, such as BNC connections, directiy to the card. As 
additional channels are needed, one or more secondaiy analog/digital 
converters or additional analog/digital input/output conversion cards may 
be added. In one embodiment, a second 12-bit A/D converter was 
installed to facilitate independent acquisition of 2-channel data at high 



15 



20 



30 



3NSOOaD:<Vro 9717426A1I» 



wo 97/17426 



PCT/US96/18832 



-23- 

speeds, while a 16-bit digital I/O daughterboard allowed individual 
addressing of a total of 24 digital output lines for the control of solenoid 
valves and other devices. Other data acquisition cards may also be used. 
While other computers and instrumentation software may be used, the 
5 graphical interface of the Macintosh and the SuperScope II file fonnat 
simplify manipulation and plotting of waveforms. A 68030 based 
computer can digitize a 2-channel electrophysiological data at about 100 
Hz and recorded directly to 90 MB removable data storage devices 
(Bernoulli cartridges; Iomega, Inc.) to facilitate convenient storage and 
1 0 retrieval. The implementation of the ceUular physiology workstation is 
not computer specific, as computer technology and storage technology 
improve, the cellular physiology worlcstation may be implemented on the 
improved computer and storage platforms. Functions and protocols on 
the physiological workstation can be developed as the need arises. 
15 Computer programs and data analysis routines not available in the 

SuperScope 11 environment can be written in the C programming language 
for import into the existing virtual instrument. 

Sample data representative of traces produced by a ^tem 
according to the invention is shown in Figure 7- Figure 14. In Figure 7, 
20 responses are shown for several Ugand-gated ion channels that were 
expressed after injection of the oocytes with rat brain mRNA. Traces 
show responses to about 100 mM y-aminobutyric acid (GABA) (A), about 
100 fjM kainate (B), and about 100 /zM AMPA (C). Standard bufiFer 
solutions were used with a holding potential of about -100 mV. 
iS Automation enables extended recording sessions with minimal operator 
intervention. 

Figure 8 depicts the results of a test to determine the 
accuracy of a ceUuIar physiology workstation according to tiie present 
invention. In Figure 8, Averaged kainate dose-response data from 4 
0 oocytes injected with GluR6 cRNA which yields an EC,, of about 0.5 fxM 
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under Vh of about -100 mV, favorably compares to an EC,© of about 
1 fjM as previously reported. 

Figure 9 depicts the effect of pregnenolone sulfate on 
kainate dose-response curve in oocytes injected with rat brain poly A* 
5 mRNA. Kainate dose-response curves were generated with and without 
the neuroactive steroid, pregnenolone sulfate (PS), and under Vh of about 
-lOOmV to determine the mechanism of action. A decrease in Emax 
suggests a noncompetitive mechanism. This experiment demonstrates the 
utility of a system according to the invention for performing dose- 
10 response experiments with and without modulators. 

Figure 10 depicts the measurement of pregnenolone sulfate 
IC50 in oocytes injected with rat brain poly A^ mRNA under Vh of about 
-100 inV. Pregnenolone sulfate was applied in increasing concentrations 
with 100 fzM kainate to characterize its inhibitory effect. 
15 Figure 1 1 depicts the effects of pregnenolone sulfate and 

5P3aS on recombinant GluR6 kainate receptors. All measurements were 
performed under Vh of about -100 mV. Recombinant receptors may be 
rapidly characterized by utilization of automated methodologies according 
to the invention. The inhibitoiy effects of neuroactive steroids PS and 
20 spSotS are shown in tiiis experiment. These steroids decrease the 
maximal response to kainate with no change in kainate EC50. 

Figure 12 depicts steroid, pregnenolone sulfate and 5p3aS, 
IC50 determined for recombinant GluR6 receptors imder Vh of about - 
100 mV. Increasing concentrations of two steroids were applied with 10 
25 //M kainate to determine the steroid IC50. 

Figure 13 depicts the kainate concentration dependence of 
pregnenolone sulfate inhibition. To iurther characterize the mechanism of 
inhibition for neuroactive steroids, pregnenolone sulfate was applied with 
increasing concentrations of kainate to determine the percent inhibition 
30 observed. It was found that concentration dependence of 100 \iM 
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pregnenolone sulfate inhibition of kainate induced currents. The cuirents 
were expressed as percent change from kainate D-R. Percent change was 
calculated as ((Ik^ps/Ik,iJ- 1 )• 1 00. 

Figure 14 depicts inhibition of kainate responses by 

5 stimulation of metabotropic glutamate receptors. The ability of a system 
according to the invention to do repetitive applications of agent solutions 
was used to make the finding that about 500 fiM of the metabotropic 
agonist, tACPD, can inhibit responses to kainate of about 100 jiM in 
oocytes injected with rat brain poly A* mRNA. 

0 Detailed specification one implementation of tiie cellular 

physiology woikstation is listed in Table 1. 



Table 1. Parameters of perfusion system and recording 
chamber of a cellular physiology workstation 



Parameter 


Measured value 


rise time (5% to 95%) 


about 70 msec to about 140 msec 


solution exchange time (90%) 


about 8' second 


lag time 


about 100 msec 


flow rate 


about 1.5ml/minute to about 
S.Oml/minute 


chamber volume 


about 75 ^1 to about 100 iil 


dead volume 


about 1 |il 



Simultaneous Perfusio n of Parallel Recording Chambers 

The cellular physiology workstation may also be directed to 
25 simultaneous recordings from multiple oocytes such as, for example, 
simultaneous and coordinated perfusion of two or more recording 
chambers. Several approaches can be taken to accomplish this objective. 
First, valve outputs can be divided into two or more 
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channels using tubing leading into separate manifolds. Solution from 
each constant-flow chamber flow into a single valve, where it diverges 
into two or more channels. With this approach, only one set of solutions 
has to be made up prior to expoimentation which reduces die problem of 
5 slight differences in concentration obtained from making up multiple, but 
distinct batches. 

Second, tfie constant-flow chambers are manufactured with 
multiple output lines. Each output line feeds into a separate valve and, 
subsequently, into a separate manifold. This approach requires a greater 
10 expenditure in valves and associated control circuitry, but minimizes 
hydrodynamic problems associated with division of solution flow. 

Lastly, separate sets of constant-flow chambers can be used 
for each recording chamber. Though easier to implement, this requires a 
greater daily expenditure of time required to prepare solutions as well as 
15 die expense of additional valves. 

Electrophysiological recordings from Xenopus oocytes are 
typically performed using a voltage-clamp amplifier in two-electrode 
voltage-clamp mode. This mediod utilizes both a voltage-recording 
electrode and a current-injecting electrode for the control of membrane 
20 voltage. Electrophysiological recordings from additional oocytes may 
require two additional electrodes per oocyte, as well as appropriate 
headstages and micromanipulators for positioning of electrodes. 

The present design of commercially available voltage-clamp 
amplifiers, however, only provides inputs for two microelectrode 
25 headstages. A multichannel amplifier for electrophysiology can be used 
to allow simultaneous recordings from multiple cells. Several approaches 
can be taken. 

First, simultaneous recordings can be based on 
commercially available voltage-clamp amplifiers. One amplifier and two 
30 intracellular electrodes can be used with each recording chamber in a 
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typical recording configuration. Electrophysiological traces are acquired 
from the multiple amplifiers using the currently existing data acquisition 
system, as described below, which has the capacity to capture up to 10 
channels of analog data. 

5 Low-cost amplifiers that have a smaller size and lack the 

extensive features found on higher cost amplifiers may also be used. 
Several of these amplifiers can be combined into a multi-channel device 
that readily handle simultaneous recordings. Electrophysiological traces 
from these separate amplifiers would feed into the currently existing data 
10 acquisition system. 

Anotfier embodiment incorporates an amplifier that is 
designed to handle multichannel data and facilitate simultaneous 
recordings. This device can have inputs for up to about 10, or more, 
micrdelectrode headstages and the appropriate circuitry for electrode 
15 zeroing, bridge balancing and adjustments for capacitative currents and 
series resistance. Designed fix)m the outset as an amplifier for 
simultaneous recordings from multiple ceUs, this instrument is able to 
acquire multi-channel data at high speed and smoothly integrates into a 
fully automated system for simultaneous recordings. 

Another embodiment is based on designing a novel 
instrument that accepts input from about 10 microelectrode headstages 
and feeds the data into standard, commercially available voltage clamp 
amplifiers. This device would have its own circuitry to maintain the 
proper holding potential for a given cell while the device is cycling 
5 through the otfier cells. This type of device eliminates the need and 
expense of purchasing multiple amplifiers. 

One embodiment of the invention utilizes the MacADIOS II 
board by GW Instruments, Inc., for data acquisition and instrument 
control. This NuBus-based board is configured with two analog-to-digital 
0 converters (ADC) that can acquire 2-channel data at about 25 KHz, but is 
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also capable of multiplexed data acquisition of about 10 or more chamiels 
at about 3 KHz, which is of sufficient resolution for Xenopus oocyte 
electrophysiology. Thus, the design of the automated workstation for 
electrophysiology enables simple scale-up which may not require 
5 additional computer or data acquisition boards. Electrophysiological 
traces from the additional recording chambers would be either displayed 
in separate windows or superimposed for independent viewing and 
analysis* 

An application of a cellular physiology workstation with 
10 highly parallel monitoring and perfusion capabilities is the rapid 

generation of dose-response data from multiple oocytes. A series of agent 
solutions of increasing concentration can be prepared in the constant-flow 
chambers of the perfusion system and the lines and manifold primed to 
load an agent to be tested. By sweeping the microscope head across the 

15 stage of parallel recording chambers, RNA-injected oocytes are 

successively positioned in each recording chamber aiid impaled with both 
voltage-recording and current-injecting microelectrodes. Electrode 
zeroing, bridge balancing, and adjustments for capacitative currents and 
series resistance are each independently performed as required on each 

20 voltage-clamp amplifier. For a typical dose-response experiment, 

multiple voltage-clamp amplifiers are simultaneously stepped to a holding 
potential appropriate for the ionic current under study. This can be 
accomplished by distributing the output of the digital-to-analog converter 
(DAC) from the MacADIOS II board to the separate voltage-clamp 

25 amplifiers. The perfusion system may be set to deliver the desired agent 
solutions to the multiple recording chambers simultaneously. Depending 
upon experimental design, multiple oocytes may be simultaneously 
exposed to the same agent to replicated a single experiment on multiple 
oocytes, or ech oocyte can be exposed to a different agent to facilitate 

30 rapid screening of large dmg Ubraries. Current and voltage recordings are 
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acquired from each amplifier and fed into appropriate windows in the 
SuperScope II virtual instrument. At die conclusion of the protocol, 
automated routines perform waveform analysis on each current recording. 

While the automated electrophysiological workstation is 
5 particularly suited to oocyte electrophysiology, the approach described in 
general can be readily adapted to patch-clamp electrophysiology, calcium 
imaging studies, confocal microscopy and odier applications where 
perfusion control and data acquisition need to be tightly integrated. Any 
type of biosensor enable of producing an electrical output, such as a 
1 0 sensor capable of measuring concentrations of substances witfiin tfie cell, 
can be used in place of or in addition to die voltage-measuring electrode. 
Biosensors are well known to those of skill in the art and are reviewed for 
example by Lowe (Lowe, C.R. Biosensors, Trends in Biotechnology, 
2:59-65, 1 984) and by Byfield and Abuknesha (Byfield, M.P., 
15 Abuknesha, R.A. Biosensors & Bioelectronics 9:373-400 1994). Other 
automation aspects that may be optionally incorporated into the 
automated cellular physiology workstation are digitally controlled 
voltage-clamp ampUfiers, and robotics and machine vision to automate 
the tasks of oocyte placement and microelectrode positioning to result in a 
20 fully automated electrophysiological assay system. 

Odier embodiments and uses of the invention will be 
apparent to those skilled in the art from consideration of the specification 
and practice of die invention disclosed herein. All references cited herein, 
for whatever reason, are specifically incorporated by reference. The 
25 specification and examples should be considered exemplary only witfi the 
true scope and spirit of the invention indicated by the following claims. 
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Examoles 

Example 1 Oocyte Isolation . 

Female, oocyte positive Xenopus Idevis frogs, purchased 
from Nasco, Inc. were kept on an about 12 hour light/ about 12 hour dark 
5 cycle. Frogs were maintained on a diet of chopped calf liver fed about 
every three days. Prior to surgery, frogs were anesthetized in a solution 
containing about 0. 15 % Tricaine for about 30 minutes. Ovarian sections 
were removed du-ough a lateral abdominal incision, after which the 
incision was sutured with about 4 to about 5 stitches and the animal 

1 0 allowed to recover in isolation for about 3 hours to about 4 hours. 

Ovarian lobules containing follicular oocytes were immediately placed in 
calcium-free ND96 solution (96 mM NaCl, 1 mM MgClj, 2 mM KCl, 50 
mM Hepes, 2.5 mM pyruvate) and cut into groups of about 10 to about 20 
oocytes. Following a treatment widi collagenase (Sigma, type D, 2 

15 mg/ml) at about 2 mg/ml for about 2 Hours at room temperature, 

individual oocytes were obtained free of their follicular kyer. Selected 
Dumont stage V and VI oocytes were then transferred to 60 x 15 mm 
glass petri dishes containing ND96 (96 mM NaCl, 1 mM MgClz, 2 mM 
KCl, 50 mM Hepes, 2.5 mM pyruvate) and maintained in an incubator at 

20 about 1 8 ''C to about 20**C. On the following day, batches of about 20 
oocytes to about 30 oocytes were injected with about 30 nl to about 80 nl 
prepared RNA solution using an electronic microinjector (Drummond 
Instruments, Inc.). 

25 Example 2 RNA Preparation . 

RNA was prepared for injection into oocytes by extraction 
of mRNA from brain tissue and by syndesis using in vitro transcription 
of linearized DNA templates encoding recombinant receptor subunits. 

The extraction technique of RNA preparation uses brain 
30 mRNA from chick embryos of about 1 9 day old as starting material. 
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Extraction was perfonned using the E>ynabeads Oligo-dTGs) isolation kit 
(Dynal, Inc.) which utilizes magnetic beads having an attached poly- 
thymidine oligomer to allow magnetic separation of poly(A)* RNA from 
cell homogenates. 
5 In vitro transcription was pofonned using plasmids 

containing the GluR3 (flop) and GluR6 cDNA as starting material. 
Plasmids were linearized witii restriction endonuclease Xhol (GluR3) or 
Xbal (GluR6) prior to in vitro transcription with T3 RNA polymerase 
using a commercially available kit (Message Machine; Ambion, Inc.; 
10 Austin, TX). 

Example 3 Electrophvsiolopy 

About 3 days to about 5 days after RNA injection, 
electrophysiological recordings were canied out using an Axoclamp-2A 

15 voltage clamp amplifier (Axon Instiiunents, Inc.). Experiments were 
perfonned in two-electrode voltage clamp mode using two intracellular 
microelectrodes of about 1 to about 3 mega-ohm resistance filled wiA a 
solution of about 3M KCl. A close-up view of an oo(^e under 
impalement in voltage-clamp mode is shown in Figure 7. 

20 Oocytes were usually clamped at a holding potential of 

about -60 mV and stepped to about -100 mV during agent application. 
GIuR6 injected oocytes were treated for about 10 minutes with a solution 
of about 1 0 ^g/ml concanavalin A to prevent fast desensitization of 
kainate responses. 

25 

Example 4 Application of GABA to Oocytes . 

In this experiment, a solution comprising about 100 jiM 
GABA was applied to an oocyte expressing GABA^ receptors to test the 
function of the automated woricstation. Oocytes were immobilized in the 
30 recording chamber, impaled with voltage-recording and current-injecting 
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microelectrodes, and allowed about one to about two minutes to recover 
to a resting membrane potential of about -40 mV to about -50 mV. The 
amplifier was switched into voltage clamp mode, typically at a holding 
potential of about -60 mV, prior to the start of experimentation protocol. 
5 A typical experimental protocol may comprise the steps of 

prepulse, agent application, and washout phases and die function of each 
phase may be set up in advance by defining the positions of on-screen 
markers M1-M4, which can be easily moved via a user input device such 
as a computer mouse. The PREPULSE VALVE selector is used to select 
10 a prepulse solution which may be used to pre-equilibrate with a modulator 
before coapplication of modulator and agonist. The modulator is applied 
during the interval Ml to M2. The DRUG VALVE panel of buttons is 
next used to select the solution that is to be applied during the interval M2 
to M3. Finally, the WASH VALVE selector is used to select the solution 
15 to be applied during the washout phase of die protocol, defined as the 
iritbrvil M3 to M4. The WASH VALVE selector also cohfrols the 
WASH TIMER, which perfiises the oocyte for a preset amount of time 
between successive episodes. 

After die perfusion controls were set, the VC COMMAND 
20 slider is used to select the voltage offset tiiat will be sent to the amplifier 
to determine the holding potential at die start of die first episodes. The 
oocytes were held at about -60 mV and stepped to about -100 mV at die 
start of data acquisition to increase electrochemical driving forces; diis 
entails a voltage offset being sent to die amplifier of about -40 mV. 
25 Experiments usually consist of multiple episodes per trial, where an 
episode is defined as a single cycle of data acquisition. The EPISODES 
PER TRIAL selector is used to select the number of episodes to be 
acquired, after which the experiment is started by pressing the BEGIN 
button. At the initiation of data acquisition, die holding potential is 
30 stepped to die preset voltage, and perfusion commences widi die selected 
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solutiom. At the end of data acquisition, the current and voltage traces 
were saved to disk, and the oocyte is perfused with wash solution for a 
predetermined amount of time. Each episode is logged to the joumal 
window, where analysis routines measure and log wavefonn parameters. 
From this basic protocol, more complex protocols were developed that 
automatically execute repetitive application, dose-response, reversal 
potential and voltage-stepping e}q>eriments. 



Example 5 Repetitive AraiHcation Experiments . 

10 The EPISODES PER TRIAL selector is used to specify a repetitive 

application protocol, in which multiple cycles of agent application are 
desired. Figure 15 shows the results from an experiment in which 100 
^M GABA was applied repeatedly to an oocyte injected with chick brain 
poly(A)* RNA. A protocol of about 30 seconds was used, consisting of a 
15 lOsecondprepulsewiA buffer solution, a 10 second application of 100 
^M GABA, and a wash phase of about 1 0 seconds, followed by a wash 
cycle of about 60 seconds with buffer solution prior to the next 
application of agent. An increase in current amplitude was evident that 
reached a plateau over the course of about one hour experiment in which 
20 100 MM GABA was applied 30 times. These experiments demonstrate 
flie utility of the workstation that has been developed, as the experiment is 
performed automatically without any operator intervention. This type of 
protocol is useful for following a response over an extended period of 
time which is useful for looking at time-dependent processes such as 
25 rundown of receptor mediated responses. This protocol can also be used 
to study the effects of compounds that have a slow time course of action, 
for example, compounds that affect the phosphorylation state of receptors, 
such as kinase inhibitors or membrane peimeant cAMP analogues. 
Lastly, the repetitive application feature makes it possible to easily 
30 compare averaged data taken before and after an experimental 
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manipulation. By avoiding comparison between single responses, 
averaging of data reduces errors due to response variability, noise and 
time-dependent changes in response amplitude. 

5 Example 6 Dose-Response Determination . 

An automated woricstation for electrophysiology was 
designed to fully automate dose-response experimentation. Typically, the 
generation of dose-response data is usually achieved by application of 
increasing concentrations of a given agent to a responsive cell. Figure 8 

10 shows the results of a dose-response experiment in which increasing 
concentrations of kainate were applied to an oocyte expressing 
homomeric GluR3 kainate receptors formed from cloned receptor 
subunits. For the kainate response from diis cell, an ECjo of about 27 
was calculated. This type of experiment is initiated by pressing the 

15 DOSE/RESPONSE button, which selects a protocol designed to 
* sequentially step through a series of agent solutions, beginning at the 
valve specified by the ALTERNATE VALVE selector. The EPISODES 
PER TRIAL selector is then used to specify 12 episodes, corresponding to 
the niunber of concentrations to be tested. The dose-response protocol 

20 closely follows the operation of the repetitive application protocol, with 
the exception that this protocol increments the DRUG VALVE selection 
after each episode. 

Figure 16 shows a high-resolution dose-response curve 
generated by the Cellular physiology workstation. In this experiment, 

25 increasing concentrations of kainate are sequentially applied to an oocyte 
expressing rat GluR3 receptors. An automated protocol steps through up 
to about 15 different agent concentrations to rapidly generate dose— 
response curves. An EC30 of about 90 was determined for GluR3 
receptors expressed in Xenopus oocytes. Oocyte was held at about -100 

30 mV during kainate application and washed for about 60 seconds between 
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q>isodes. Total duration of this experiment, which was performed 
automatically without operator intervention, was about 15 minutes. 

Figure 15 depicts the reproducibility of dose-response 
curves generated by the cellular physiology workstation. Four separate 
5 GABA dose-response determinations were made about 20 minute apart to 
document system perfonnance. EC50 determinations yielded similar 
results (26 jiM, 19 jiM, 20 |iM, and 21 ^M) over the course of this 70 
minute experiment. Oocytes were held at about -100 mV during 
application of about 5 fiM, about 10 jiM, about 50 jiM, about 100 fiM 
10 and about 500 jiM GABA, and washed for about 30 seconds between 
episodes. Dose-response curves were determined on an oocyte expressing 
GABAa receptors after injection with chick brain poly A* RNA. 

In a separate experiment, to determine reproducibility and 
reliabiUty of agonist responses, the cellular physiology workstation was 
15 used to determine current responses to 30 consecutive applications of 100 
^iM GABA (Figure 17). Current responses to 30 consecutive applications 
of 100 fiM GABA are shown in an oocyte expressing GABA^ receptors 
after injection with chick brain poly A* RNA. Slight increases in current 
amplitude are observed during the course of this 45 minute experiment, 
20 which was performed automatically without operator intervention. 

Oocytes were held at about -100 mV during agent application and washed 
for about 1 minute with Ringer solution between each of the 30 episodes. 

Example 7 Reversal Potential Determination . 

25 The virtual instrumentation that was developed also 

provides control over the voltage-clamp amplifier, thereby making it 
possible to automate experiments in which holding potential may be 
varied, such as those determining reversal potentials and examining 
current-voltage relationships. A reversal potential for a receptor-mediated 

30 response is the voltage at which no net current is observed upon activation 
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oftfae ionic conductances associated with die receptor. Reversal 
potentials are typically determined by applying a given agent at various 
holding potmtials, plotting currrat vs. holding potential, and calculating 
die voltage at which the cuirent reverses direction. Figure 18 shows die 
5 results of an experiment in which a reversal potential of about - 1 5 m V to 
about -10 mV was determined for the kainate response in oocytes 
expressing GluR6 kainate receptors. The holding potential was 
progressively increased from about -80 mV to about +25 mV in 1 1 steps 
of about 10 mV. The oocyte was returned to a holding potential of -60 

10 mV and washed for about 30 second after each agent apphcation. The 
direction of the kainate-induced current was foimd to reverse between 
about -15 mV and about -10 mV. This type of automated protocol can 
also be used to detennine current-voltage relationships, in the absence and 
presence of a receptor modulator and to investigate mechanisms of action 

15 of modulatoiy drugs. For these types of voltage experiments, the STEP 
SIZE slider is used with a multi-episode trial to increment the VC 
COMMAND of&et, which controls the holding potential of the amplifier. 

Example 8 Voltace-Steppinp Resp onse 

20 The examples described above used a perfusion system for 

applying a receptor ligand during the period between the M2 and M3 
markers to generate a receptor-mediated response. The cellular 
physiology workstation may also be programmed for examiiung voltage- 
gated ion channels. For example, iheXenopus oocyte membrane has a 

25 number of well characterized voltage-dependent conductances, including 
an endogenous chloride current (Ic,-), an endogenous calcium-dependent 
chloride current (Ia-(c^)), and an endogenous sodium current (In.O, diat 
can sometimes interfere with otfier currents of interest and may sometimes 
be subtracted out. Figure 19 shows traces from an experiment using the 

30 cellular physiology workstation to examine endogenous, calcium- 
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dependent chloride current (Ia-(c^)) found in native Xenopus oocytes. 
Voltage was stepped from about -100 mV to about +20 mV, each time 
returning to a holding potential of about -60 mV, to determine the cuirent- 
voltage relationship for this conductance. In these types of experiments, 
5 voltage is stepped from tfiy amplifier's holding potential to a voltage 

determined by the VC COMMAND and STEP SIZE sliders during the 
. M2-M3 interval. Predefined protocols are in this way established for 
voltage-dependent conductances of interest, and can be easily selected 
through on-screen buttons. This type of protocol can be used to screen 
1 0 recombinant voltage-dependent ion channels against libraries of agents 
such as drug Ubraries. 

Oflier embodiments and uses of the invention will be 
apparent to those skilled in the art from consideration of the specification 
and practice of the invention disclosed herein. All references cited herein, 
1 5 for whatever reason, are specifically incorporated by reference. The 

specification and examples should be considered exemplary only with Ae 
trae scope and spirit of the invention indicated by the following claims. 
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APPENDIX A 



INSTRUMENT • INSTRUMENT • INSTRUMENT • INSTOUMENF • INSTRUMENT • WSTRUMENT 
Name: oocyte.77 

Application: SuperScopell 
Version: 1.43 (68k) 



DIGITIZER . DIGmZER • DIGnriZER • DIOmZER • DIGITIZER • ^ 

Digitizer: MacADIOSII 
Driven Inout 

I>ata Collection Mode: Chart 

Trigger Mode: none 

Timebase: 600pts/trace» lOO.OOpts/sec 



DISPLAYS • DISPLAYS • DISPLAYS • DISPLAYS • DISPLAYS • DISPLAYS • DISPLAYS 
Display Name 



Current 
Voltage 



MARKERS • MARKERS • MARKERS • MARKERS • MARKERS • MARKERS • 
MarkerNaaie 



Ml 
M2 
M3 
M4 



JOURNALS • JOURNALS • JOURNALS • JOURNALS • JOURNALS • JOURNALS - JOURNALS 
Journal Name 



Journal 1 
jHeado- 



STRINGS • STRINGS • STRINGS • STRINGS • STRINGS • STRINGS • STRINGS • STRINGS 



Name Units Text 



retValue Volts 7 

message Volts 2.12 

sAmplitu Volts 670 nA 

sVwash Volts 0 / 

sTrace Volts Trace # 128 

sVdrug Volts 

sTimc Vohs at 16:04:32 

sVwasli2 Volts 0 
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sVoffsei 


Volts 


Vh offset »1 2a mV 


$M2 


Volts 


M2«2.0 


sM3 


Volts 




sM4 


Volts 


,M4«6.0 


sWash 


Volts 


Wash 0 sec 


sAbort 


Volts 




_SavcWav 


Volts 


8/29/95.AD1.128 


^LoadWav 


Volts 


8/29/95jU>1.]03 


SI5 


Vohs 




sMax 


Volts 


309.6 nA at 4.03 s 


wTmax 


sec 


4.03 



WAVES • WAVES • WAVES • WAVES ♦ WAVES • WAVES • WAVES • WAVES • WAVES • WAVES 
Wave Name Wave Type V Units H Units Length ValidPts 



ADO 


Integer 


Volt 


sec 


0 


a 


ADl 


Integer 


A 


sec 


0 


0 


Dout 


Integer 


Volt 


sec 


a 


0 


seg2.4 


Integer 


A 


sec 


a 


0 


DAO 


Integer 


Volt 


sec 


0 


0 


Selected 


Float 


Volt 


sec 


a 


0 


Flip 


Float 


A 


sec 


a 


0 


Dseg2.3 


Integer 


Volt 


sec 


0 


0 


Wl 


Integer 


A 


sec 


0 


0 


W2 


Integer 


A 


sec 


0 


0 


W3 


Integer 


A 


sec 


0 


0 


W4 


Integer 


A 


sec 


0 


0 


W5 


Integer 


A 


sec 


0 


0 


W6 


Integer 


A 


sec 


a 


0 


W7 


Integer 


A 


sec 


0 


0 


seg3.4 


Float 


A 


sec 


0 


0 


Vseg2.3 


Integer 


Volt 


sec 


0 


0 



••• Wave End Points — 



Wave Name 


1st Point H Value 


Last Point H Value 


Sample Period 


AD0 


0.000000 


-0.01000 


0.010000 


ADl 


0.000000 


-0.01000 


0.010000 


Dout 


0.000000 


-0.01000 


0.010000 


seg2.4 


-0.010000 


-0.02000 


0.010000 


DA0 


0.000000 


-0.01000 


0.010000 


Selected 


17^79999 


17.278999 


0.001000 


Flip 


2.010000 


2.00000 


0.010000 


Dseg2.3 


-0.010000 


-0.02000 


0.010000 


Wl 


0.000000 


-0.01000 


0.010000 


W2 


0.000000 


-0.01000 


0.010000 


W3 


0.000000 


-0.01000 


0.010000 


W4 


0000000 


-0.01000 


0.010000 


W5 


0 ooaaoA 


-0.01000 


0.010000 


W6 


0.000000 


-0.01000 


0.010000 


W7 


0.000000 




0.010000 


seg3.4 


2.000000 


1.990000 


0.010000 


Vseg2.3 


•0.010000 


-0.02000 


0.010000 



Wave Mapping For 16 bit Integer Waves 
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Wave Name 


Quanta 


Mtn Code 


Max Code 


ivmiu w cuuw 


Max value 


ADO 


0.0004S8 


-2048 


2047 


-1.000000 


a ooo^f '> 
v.yyy J i ^ 


ADI 


0.000000 


0 


4095 


-0.000001 


0.000001 


Dout 


1.000000 


-32768 


32767 


-32768.000000 


32767.000000 


seg2,4 


0.000000 


0 


4095 


-0.000001 


0.000001 


DAO 


0.004883 


-2 048 


2048 


-10.000000 


10.000000 


Dseg2.3 


lAMMMi9Q 


-32768 


32767 


-3276&000000 


32767.000000 


Wl 


0.000000 


0 


4095 


-0.000001 


0.000001 


W2 


0.000000 






-V.WWVI 


it ntmnn i 


W3 


0.000000 


0 




-V.WWVI 


V.WUwi 


W4 


0.000000 


a 

V 


4005 


-V.WWVI 


v.OOOOOl 


W5 


0.000000 


0 


4095 


-0.000001 


0.000001 


W6 




0 


4095 


-0.000001 


0.000001 


W7 


0.000000 


0 


4095 


-0.000001 


0.000001 


Vscg2.3 


0.004883 


-2048 


2048 


-10.000000 


10.000000 


••• Segments*^ 












Segment 




Ml Name 


M2Name 


Ml Time 


M2 Time 




Am 




M4 


10.000000 


30.000000 




Dout 


M2 


M3 




20.000000 




Flip 




M4 


20.000000 


30.000000 


Vseg2.3 


DAO 






in anfusnn ■ 
IV.IIUtfwv 


20.000000 


rim J trOinJS 














romi w 1 




Pomt #3 


Point §4 


Point #5 


ADO 












ADI 












Dout 












seg2.4 












DAO 












Selected 












Flip 












Dseg2.3 












Wl 












W2 












W3 












W4 












W5 












W6 












W7 












scg3.4 












Vseg2.3 












VARIABLES • VARIABLES • 


VARL\BLES • VARIABLES • 


VAJUABLES • VARL\BLES 


Name 


Units 


Value 








error 


Vohs 


1.000000 








VI 


Volts 


10.000000 






V2 


Volts 


Q,QQa(m 








V3 


Volts 


0.000000 








V4 


Volts 


0.000000 








vaLdio 


Volts 


145.0000( 


M 
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Dotit 




t.QOQQQO 


Dpoft 




0.000000 


nO 


Volts 


0.000000 


nl 


Volts 


0.000000 


n2 


Volts 


0.000000 


n3 


Volts 




n4 


Volts 


0.000000 


n5 


Volts 


0.000000 


n6 


Volts 


0.000000 


n7 


Volts 


0.000000 


n8 


Volts 


0.000000 


n9 


Volts 


0.000000 


nlO 


Volts 


0.000000 


nil 


Volts 


0.000000 


n]2 


Vohs 


0.000000 


nl3 


Volts 


0.000000 


nl4 


Volts 


0.000000 


nl5 


Volts 


0.000000 


sees 


Volts 


0.000000 


cntl 


Volts 


0.000000 


Vwash 


Volts 


1.000000 


WashOut 


Volts 


-2.000000 


cnt2 


Volts 


4.000000 


vOut 


Volts 


0.000000 


MarkCT4 


Volts 


30.000000 


_Traccsi 


Volts 


2999.999756 


^Sample? 


Volts 


0.010000 


vVCstep 


Volts 


40.000000 


NewDAC 


Volts 


140.000000 


selected 


Volts 


1.000000 


cnt3 


Volts 


5.000000 


tiineV 


Volts 


0.400000 


V39 


Volts 


0.000000 


V40 


Volts 


6.000000 


V41 


Vohs 


24.000000 


wMax 


A 


309J70312 


wMin 


A 


-360.839844 


wAmplitu 


A 


670.410156 


tr&cenum 


Vohs 


0.000000 


Markers 


Vohs 


4.000000 


Marker2 


Volts 


2.000000 


vDelScg 


Volts 


5.930000 


previous 


Volts 


0.000000 


V50 


Volts 


0.903090 


V51 


Volts 


0.301030 


ait4 


Volts 


3.000000 


flushlp 


Vohs 


4.000000 


Vflush 


Volts 


16.000000 


FlushOut 


Volts 


-17.000000 


loadloop 


Volts 


7.000000 


V57 


Volts 


103.000000 X 


V58 


Volts 


7.000000 


V59 


Volts 


109.000000 


vVCcom 


Vohs 


100.000000 
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DATAPIFES • DATAPIPES • DATAPIPES • DATAPIPES • DATAPIPES • DATAPIPES • DATAPIPES 
Name Pathname 



Dat^ipe Mac Ilci 80HD:Techiucal:SiipefS€ope H J>ata:8/29/95: 

Name FileName VoiumeName DirlD vRefNum WDRcf 



Datapipe j\D1.103 Mac Ilci 80HD 145109 *1 -32477 



TASKS • TASKS • TASKS • TASKS • TASKS • TASKS • TASKS • TASKS • TASKS • TASKS • TASKS 



Task:wa5h Allow mouse activity 

Task Begin 

String sAbort = s^ypended onto end of string 
Variable WashOut » Variable Vwash -t- 1 .000 
Variable WashOut « Variable WashOut * -1 .00 
If (Control bptirge » 1 .000) then ... 

Jump to subroutine "^syn^** 

Variable WashOut « Variable WashOut « -1.00 

If end 

If (Control bHold = Q,Q(KMQ) then . .. 

Cwritc (dcvTypcl47. offsct=192. slotM; WashOut to Value) 
If end 

Variable sees » Control cWashtim * 60.00 

Control iTtmer .1 = 0.00000 

While (Control iTimer . 1 < Variable sees) do ... 

Synchronize to 1 .00000 second intervals 

Control iTimer .1 « Control iTimer .1 + 1.000 

While end 

Cwrite (devTyel47, of!set»192, slot-«4; -1.00 to Value) 
Beep 

If (Control bPuige " 0.00000) then 

String sWash « "Variable sees" insert into "Wash sec " after char 5 (base 1 ) 

String sWash » "String sAbort" qipcnded onto end of string "String sWash'* 

^ipend text onto the end of Joumali with data from string sWash 

Insert" 
" into journal Journal! 

Insert" 
" into journal Journal I 

If end 

Control bPurge » 0.00000 



Task:abort Allow mouse activity 

Task Begin 

Sning sAbort = "Control iTimer . I " insert into "aborted at sec" after char 1 1 
Control iTimer .1 = Variable sees 
Variable cnt2 = Control dEpiNum 
Break out of Trace loop 



Taskracquire Allow mouse activity 

Task Begin 

Variable cat2» 0.00000 

Variable vVCcom = Omtrol cVCcom 
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Jump to subroutine "duration^ 
Jump to subroutine "header*' 
Trace Loop Begin (30 traces) 

Control epicnt " Variable cnt2 + 1.000 

Jump to subroutine "synth" 

Variable tracenum » Variable tracenum + 1 .000 

Digitize Trace (600 pts/trace. 100.00 pts/sec) 

Jump to subroutine "smooth" 

If (Control bAutosav 0.00000) then ... 
Jump to subroutine ^save" 
Ifend 

Jump to subroutine ''analyze'* 

Variable vOut » Q,(iQWiQ 

Analog & Digital I/O (vOut to AoutO) 

Control bWash 1.000 

Jump to subroutine "wash" 

Control bWash « Q.Wm 

Variable cnt2 » Variable cnt2 + 1 .000 

If (Control cVCstep N 0.00000) then ... 
If (Control dEpiNum > 1 .000) then ... 

Variable vVCStep - Variable cnt2 • Control cVCstep 
Variable NewDAC « Variable vVCcom + Variable vVCstq> 
Variable vOut = Variable NewDAC / 20.00 
Control cVCcom = Control cVCcom +Control cVOtep 
Fill wave 'DAO* with Q,QMQQ, 24000 points 
If (Control bMarkers = 1 .000) then ... 
Vseg2.3 « Vseg2.3 + variable vOut 
Ifend 

If (Control bMarkers 0.00000) then ... 

DAO D AO + variable vOut 

Ifend 
Ifend 
Ifend 

If (Variable cnt2 >= Control dEpiNum) then ... 
Variable vOut « 0.00000 
Analog & Digital I/O (vOut to AoutO) 
Break out of Trace Loop 
Ifend 
Clear 4t Update 
Trace Loop End 
Cwrite (devTypel47, offset=192, slot-4; -1.00 to Value) 
Control epicnt « 1.000 
Jump to subroutine "footer" 



Tadcrqmth . 
TaskBegm 

Fill wave 'ADO' with 0.00000, 24000 points 
Fill wave *ADI ' with 0.00000, 24000 points 
If (Control bDMD = 1 .000) then ... 
If (Variable cnt2 2.000) then ... 

Variable V50 = LoglO (Variable previous) 

Variable V5 1 « LoglO (2.000) 

Variable selected = Varible V50 / Variable V51 

Variable selected « Int (Variable selected) 

Jump to subroutine ''ButonSet** 

Ifend 
Ifend 

Variable nO = Control VO * 1 .000 
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Variable nl = Control VI ^ 2.000 
Variable n2 « Control V2 • 4.000 
Variable n3 = Control V3 • 8.000 
Variable n4 « Control V4 • 16.00 
Variable n5 = Control V5 • 32.00 
Variable n6 » Control V6 * 64.00 
Variable n? = Control V7 • 128,0 
Variable n8 = Control V8 ♦ 256.0 
Variable n9 = Control V9 • 5 12.0 
Variable nlO = Control VIO* 1024 
Variable nl 1 » Control VI 1 • 2048 
Variable nl2 = Control V12 • 4096 
Variable nl3 = Control V13 ♦ 8192 
Variable nl4 "Control VI4 • 16384 
Variable n 1 5 = Control VI 5 • 32768 
Variable I^rt O.WMiQ 
Variable Dport « Variable Dport + Variable nO 
Variable Dport = Variable Dport + Variable nl 
Variable D|x>rt Variable Dport 4- Variable n2 
Variable Dport » Variable Dport -f Variable n3 
Variable Dport « Variable I^it ^ Variable n4 
Variable Dport «= Variable Dpait + Variable n5 
Variable Dport = Variable Dport + Variable n6 
Variable Dfx>n = Variable Dpoit + Variable n7 
Variable Dix>rt « Variable Dport + Variable n8 
Variable Di>ort = Variable Dport + Variable n9 
Variable Dport = Variable Dport + Variable nIO 
Variable DjMirt = Variable Dport + Variable nl I 
Variable Dport » Variable Dport + Variable n]2 
Variable Dport = Variable Dport + Variable tti3 
Variable Dport » Variable C^ort + Variable nl4 
Variable Dport = Variable I^rt Variable nl5 
Variable previous - Variable Dport 
Variable WashOut = Variable Dport + 1.000 
If (Control bDR = l.OOO) then ... 

Variable selected ^ Control dAltvalv + Variable cnt2 

Jump to subroutine ''ButonSet'* 

Variable cnt3 0.00000 

Variable Dport « 1.000 

While (Variable cnt3 < Variable selected) do ... 
Variable Dport » Variable I>port * 2.000 
Variable cnt3 » Variable cnt3 + 1 .000 
While end 

If end 

If (Control bDMD «= 1 .000) then ... 
If (Variable cnt2 =« 1 .000) then ... 
Variable selected = Control dAltvalv 
Jump to subroutine '*ButsonSet*' 
Variable cnt3 » 0.00000 
Variable Dport - 1.000 

While (Variable cnt3 < Control dAltvalv) do ... 
Variable Dport « Variable Dport * 2.000 
Variable cnt3 = Varible cnt3 1.000 
While end 

If end 
If end 

Variable Dout » Variable Dport + 1 .000 
Fill wave *Dout' with - 1.0000, 24000 points 
Dout « Dout - variable Vwash 
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Dseg2.3 » Dscg2.3 + 1.00000 
I>seg2.3 » Oseg2.3 variable Vwash 
Dseg2.3 » D5eg2.3 - variable Dout 
If (Variable ciit2 0.00000) then ... 

Fill wave 'DAO' with 0.00000, 24000 points 
Variable vOut - Control cVCcom / 20.00 
If (Control bMaricers = I.OOO) then ... 
Vseg2.3 - Vseg2.3 + variable vOut 
If end 

If (Contri bMaricers 0.00000) then ... 

DAO - DAO + variable vOut 

If end 
If end 



Taskrwashvalv Allow mouse activity 

Task Begin 

Variable Vwash « 1.000 
Variable cntl" 0.00000 

While (Variable cntl < Control dWashVl v) do ... 
Varible Vwash « Variable Vwash ♦ 2.000 
Variable cntl « Variable cntl + 1.000 
While end 



Taskitimehase Allow mouse activity 

Task Begin 

Maricer M4 & wave ADO intersection (time to Maricer4) 
Variable _SampleP » O.OI 000 

Variable .TraoeSi - Variable Maricer4 • Variable _SampleP 
Variable JfraceSi « Variable .TraceSi • 1 0000 



Taskrprint Allow mouse activity 

Task Begin 

Choose Print Under File 



I*^*!?^* Allow mouse activity 

Task Begin 

String ^SaveWav = uppcnded onto end of string *^ 
String _SavcWav « date (e.g. -1/30/64") 

String_SaveWav-=''ADl.''appendedontoendof string^'Suing SaveWav** 
If (Variable traceaum < 10.00) then ... 

String .SaveWav = appended onto end of string "String SaveWav** 

Ifend 

If (Variable tracenum < 100.0) then ... 

String _SaveWav = **Qr appended onto end of string "String SaveWav" 
Ifend 

String _SaveWav = "Variable tracenum** appended onto end of string **String Save 
Save wave ADl to disk " 



Taslc:«tbuton Allow mouse activity 

Task Begin ^ 
Control V0« 0.00000 
Control VI « 0.00000 
Control V2 Q,(iQ(m 
Control V3" 0.00000 
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Control V4-0.WOOO 

Control V5 = 0.00000 

Control ¥6*=^ 0.00000 

Control V7 = 0.00000 

Control V8 » Q,MOQO 

Control V9'-Q,Q0(MQ 

Control V10 = 0.00000 

Control VI 1 -0.00000 

Control V12» 0.00000 

Control V13« 0.00000 

Control VI4-> 0.00000 

Control V15>= 0.00000 

If (Variable selected = 0.00000} then ... 

Control V0» l.OOO 

If end 

If (Variable selected 1.000) then ... 
Control VI - 1.000 
If end 

If (Variable selected = 2.000) then ... 
Control V2» 1.000 
If end 

If (Variable selected ^ 3.000) then ... 
Control V3» 1.000 
Ifend 

If (Variable selected -= 4.000) then ... 
Control V4« 1.000 
Ifend 

If (Variable selected ~ 5.000) then ... 
Control V5« 1.000 
Ifend 

If (Variable selected = 6.000) thai ... 
Control V6« 1.000 
Ifend 

If (Variable selected = 7.000) then ... 
Control V7» 1.000 
Ifend 

If (Variable selected 8.000) then ... 
Control V8-= 1.000 
Ifend 

If (Variable selected 9.000) then ... 
Control V9» 1.000 
Ifend 

If (Variable selected = 10.00) then ... 
Control V10« 1.000 
Ifend 

If (Variable selected = 1 LOO) then ... 
Control VI I « 1.000 
Ifend 

If (Variable selected = 12.00) then ... 
Control V12>:= 1.000 
Ifend 

If (Variable selected ^ 13.00) then ... 
Control V13» 1.000 
Ifend 

If (Variable selected = 14.00) then ... 
Control V14= 1.000 
Ifend 

If (Variable selected = 15.00) then ... 
Control V15« 1.000 



3NSOCX:iD: <WO 9717426A1 I > 



SUBSTITUTE SHEET (RULE 26) 



wo 97/17426 



PCT/US96/18S32 



-47- 

Ifend 



TaskrbDRtask Allow mouse activity 

Task Begin ^ 

Variable selected = Control dAltvalv 

Jump to subroutine ''ButonSet** 

Control bDMD - 0.00000 

Control c VStep « 0.00000 

Control sAuto = 0.00000 



Taskrrovpot Allow mouse activity 

Task Bcgm 

Control dEpiNum » 5.000 
Control c VSlep « 1 0.00 
Control cVcom « 30.00 



JSTSSS"" Allowmousc^ivKy 

Variable V39 « Control cWashtim * 60.00 

Variable V40 = Variable Marker4 + Variable V39 

Variable V4I = Variable V40 • Control dEpiNuro 

Variable timeV » Variable V41 / 60.00 

Control ITime » Variable timeV 



Control bDR = 0.00000 
Control cVStep « 0.00000 
Control dEpiNum » 3.000 
Control sAuto » 0.00000 



t2b3S Allow mouse activity 

Control bDR » 0.00000 
Jump to subroutine •Vash- 



tS'SS^i" ^^"""^ ^^'^ 

Flip"seg2.4«.|.0cf9 

Pulse analysis on Flip (min to wMin; max to wMax; tmax to wTmax) 
String sTrace « ''Variable tracenum*" appended onto end of string *Tiacc # ** 
Append text onto the end of Journal 1 with daa from string sTrace 
String sTimc « time (e.g. "1 0:3 1 :02") 

String sTime = ** at ** insert into ''String sTime** after char 0 (base 1) 

A|^>end text onto the end of Journal! with data from string sTime 
Insert- 

into journal Joumall 

Insert "Valve" into journal Journal I 

String sVwash = " / appended onto end of string "Control dWashVl v** 
Append text onto the end of Joumall with data from string sVwash 
Jumpt to subroutine 'Walvenum'* 

Append text onto the end of Journal 1 with data from string sVdiug. 
Inseil "A^alve** into journal Joumall 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID:<WO 9717426A1 I > 



wo 97/17426 



PCTAJS96/18832 



-48- 

String sVwash 2 » appended onto end of string 'X^ontrol dWashVlv" 
Append text onto the end of Joutnall with data from string sVwash2 
Insert" 

into journal Journal 1 
Marker M2 & wave ADl intersection (time to Marko^ 2) 
Marker M3 & wave ADl intersection (time to Marko- 3) 
Marker M4 & wave ADl intersection (time to Marker 4) 
String sM2 « Variable Marker 2** rounded off to 1 digits after decimal 
String sM2 =^ "M2 insert into **String sMa** after char 0 (base 1) 
String sM3 « "Variable MaricerS** rounded off to 1 digits after decimal 
String sM3 = ". M3 - insert mto "String sM3" after char 0 (base I) 
String sM4 « "Variable Marker4** rounded off to 1 digits after decimal 
String sM4 = ", M4 = - insert into "String sM4" after char Q (base 1 ) 
Append text onto the end of Journal 1 with data from string sM2 
Append text onto the end of Journal! with data from string sM3 
Append text onto the end of Journal I with data from string sM4 
Insert" 

" into journal Joumall 

String sVof&et = *^ntrol cVcom" an>ended onto end of string "Vh offset = " 
String sVoffs^ » "mV** ^ipended onto end of string "String sVoffset*' 
Append text onto the end of Joumall with data from string sVoffset 
Insert" 

" into journal Journal I 

Insert "Maximum = ** into journal Journal I 

String sMax « Variable wMax 

String sMax = "String sMax** rounded off to I digits after decimal 
String sMax = "nA at"* iq>pended onto end of string "String sMax** 
String wTmax "String wTmax** rounded off to 2 digits after decimal 
String sMax » "String wTmax** appended onto end of string "String sMax** 
String sMax « "s** appended onto end of string "String sMax*" 
Append text onto the end of Joumall with data from string sMax 
Insert" 

"into journal Journal! 

Variable wAmpIitu = Variable wMax • Variable wMin 
If (Control sGain LOGO) then ... 

Variable wAmplitu « Variable wAmplitu * 10.00 

Ifend 

String sAmplitu " Variable wAmplitu 

String sAmplitu « "String sAmplitu" rounded off to 0 digits after decimal 
String sAmplitu » "nA" q>pended onto end of siring "String sAmplitu** 
Insert "Ampiimde » ** into journal Journal 1 

^>pend text onto the end of Journal I with data from string sAmplitu 
Insert" 

" into journal Joumall 
Insert" 

" into journal Joumall 



Task:overlay Allow mouse activity 

Task Begin 

Variable V58 = C:ontrol dEpiNum 
Variable V59 « Variable tracenum 
Show Alert: "Overiay daU from last trial?** 
If (Variable error = 2.000) then . . . 

Show Alert: "Start with what episode?** 

Variable V59 « String retValue 

Show Alert "Overlay how many previous traces (2-7)?*' 

Variable V58 = String retValue 

Ifend 
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Variable loadloop » O.OOOW 

If (Variable loadloop < Variable V58) then . . . 

Jump to subrouttiie '^MakeLoatT 

Load wave Wl from disk 

If end 

If (Variable loadloop < Variable V58) then . . . 
lump to subroutine ''NfakeLoad'* 
Load wave W2 from disk 
Ifend 

If (Variable loadloop < Variable V58) then . . . 
Jump to subroutine ^'MakeLoad*' 
Load wave W3 from disk 
Ifend 

If (Variable loadloop < Variable V58) dien . . . 
Jump to subroutine ''MakeLoad** 
Load wave W4 from disk 
Ifend 

If (Variable loadloop < Variable V58) then . . . 
Jimip to subroutine "^MakeLoad** 
Load wave W5 from disk 
Ifend 

If (Variable loadloop < Variable VS8) then . . . 
Jump to subroutine ''MakeLoad** 
Load wave W6 from disk 
Ifend 

If (Variable loadloop < Variable V58) then . . . 
Jump to subroutine ''MakeLoad** 
Load wave W7 from disk 
Ifend 



Task:loadwavc Allow mouse activity 

Task Begin 

Choose Load Data. ADl Under Wave 



Task:_Startup Allow mouse activity 

Task Begin 

Variable tracenum « O.OOWa 
Insert -Valve Assignments 

Q Ringer 

1 5 uM GAB A 

2 lOuMGABA 

3 50uM 



Taskrprintjm Allow mouse activity 

Task Begin 

Choose Print_ Journal I Under Journal 



Task:cleaijm Allow mouse activity 

Task Begin 

Choose Clear Journal 1 Under Journal 
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Task»ethresh 


Allow mouse activity 


Task Begin 


Open instruction number 3 in task analyze 




Taskiviewwave 


Allow mouse activity 


Task Begin 


Choose Edit Values . . . Fip Under Wave 





Task:getVnum Allow mouse activity 

Task Begin 

String sVdrug = " appended onto end of string " " 
If (Control VO = I.QOO) then . . . 

String sVdnig « **Va] ve <r appended onto end of string **String sVdrug" 

If end 

If (Control VI = l.(KW)then ... 

String sVdrug = ** Valve P iq^pended onto end of string **String sVdrug** 
If end 

If (Control V2 1 .000) then . 

String sVdnig « •*Valvc 2" appended onto end of string "String sVdrug- 
Ifend 

If (Control V3 = 1.000) then ... 

String sVdrug » ''Valve 3** appended onto end of string "String sVdrug"* 
Ifend 

If (Control V4 ^ 1.000) then .. . 

String sVdrug » ''Valve 4** appended onto end of string "String sVdrug"* 
Ifend 

If (Control VS — 1.000) then .. . 

String sVdrug « "Valve 5** appended onto end of string "String s Vdnig" 
Ifend 

If (Control V6 = 1.000) then .. . 

String sVdiug » "Valve 6** appended onto end of string "String sVdrug** 
Ifend 

If (Control V7 — 1 .000) then . . . 

String sVdrug = "Valve T* appended onto end of string "String sVdrug" 
Ifend 

If (Control V8 — 1 .000) then . . . 

String sVdrug = "Valve 8" ^>pended onto end of string "String sVdrug** 
Ifend 

If (Control V9 = 1 .000) then ... 

String sVdnig = "Valve 9" appended onto end of string "String sVdrug** 
Ifend 

If (Control VIO = 1.000) then . . . 

String sVdrug = "Valve 10" qipended onto end of string "String sVdrug" 
Ifend 

If (Control VI 1 — 1.000) then , . . 

String sVdrug = "Valve 1 1" upended onto end of string "String sVdnig" 
Ifend 

If (Control V12 = 1.000) then . . . 

String sVdrug = "Valve 12" appended onto end of string "String sVdrug" 
Ifend 

If (Control V13 = 1 .000) then . . . 

String sVdrug » "Valve 13" upended onto end of string "String sVdrug" 
Ifend 

If (Control VI 4 = 1.000) then . . . 

String sVdrug = "Valve 14" appended onto end of string "String sVdrug" 
Ifend 
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If (Control V15 — l.gOO) them . . . 

String sVdrug = "Valve 15" appended onto end of string ^'String sVdnig** 
If end 



Taskrsmooth Allow mouse activity 

Task Begin 

ADI « Smooth (ADl. 3.00000) 

Variable vDel Seg Variable Maricer4 - 0.07000 

ADI = Delete (ADI, variable vDelSeg, variable Maricer4) 



Taskrsctauto Allow mouse activity 

Task Begin 

If (Control dEpiNuin > 1.000) then ... 
Control sAuto » 0.00000 
If end 



Taskrprotocol Allow mouse activity 

Task Begin 

Control bDR « 0.00000 
Control bDMD « 0.00000 
Control dEpiNum » 1.000 
Control cVcom » 0.00000 
C:ontrol c VStep « 0.00000 
Control dWashVlv « 0.00000 
C:ontiol cWashtim - 0.5000 
Control sGain « 0.00000 
Control bVpulse « 0.00000 
If (Control bP30s 1.000) then .. . 

Move marker M4 to the 30.0000 position 

Move marker M3 to the 20.0000 position 

Move marker M2 to the 10.0000 position 

If end 

If (Control bP60s 1.000) then . . . 

Move marker M4 to the 60.0000 position 
Move marker M3 to the 40.0000 position 
Move marker M2 to the 20.0000 position 
If cad 

If (Control bIntPerf«=» 1.000) then .. . 

Move marker M4 to the 90.0000 position 
Move marker M3 to the 60.0000 position 
Move marker M2 to the 30.0000 position 
Control cVcom « 0.00000 
If end 



Task:header Allow mouse activity 

Task Begin ' 
If (Control bDR 1.000) then . . . 

Insert "—Start Dose Response——" into journal Journal 1 

Insert" 
into journal Joumall 

Insert" 
*^ into journal Joumall 

If end 

If (Control bDMD ~ 1 .000) then . . . 

Insert " — Start D/M/D Protocol — " into journal Joumall 
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Insert" 
into journal Jouinall 

Insert" 
into joumaJ Journal 1 

If end 



Task:flush Allow mouse activity 

Task Begin 
Variable cnt4=1.0aa 

While (Variable cnt4 <» control dEpi Num) do . . . 

Variable flushlp ~ Control dAltvalv •K:ontrol dEpiNum 
Variable flushlp = Variable flushlp - Variable cnt4 
Variable Vflush 1.000 
Variable cnti » Q.QQ90Q 

While (Variable cntl < Variable flushlp) do . . . 
Variable Vflush » Variable Vflush * 2.000 
Variable cntl « Variable cntl + 1.000 
While end 

Variable FlushOut = Variable Vflush + 1.000 

Variable FlushOut = Variable FlushOut ^ -1 .00 

Cwrite (devTypcl47, ofrset=192, slot=4; FlushOut to Value) 

Delay for 3.00000 seconds 

Cwrite (devTypel47. oS5et"192, sio^M; -1.00 to Value) 
Variable cnt4 » Variable cnt4 4- 1.000 
While end 



Task:ooco^tiiew Allow mouse activity 

TaskBcgin 

Insert "New oocyte # 

Rp = - at 1 min 

" into journal Journal 1 



Tasicfooter Allow mouse activity 

Task Begin 

If (Control bDR ~ 1.000) then . . . 

Insert "——End Dose Response—" into journal Journal 1 

Insert" 
" into journal Journal 1 

Insert" 
" into journal Journal 1 

If end 

If (Control bDMD ^ 1 .000) then ... 

Insert " — End D/M/D Protocol — ** into journal Journal 1 

Insert" 
" Into journal Journal 1 

Insert" 
" into journal Journal 1 

If end 



Task:showhead Allow mouse activity 

TaskB^in 

Qioose Show jHeader Under Edit 
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Task.'print.Jhd Allow mouse activity 

TaskB^in 

Clioose Prints jHeader Under Journal 



Taskxlcarwav Allow mouse activity 

Task Begin 

Set wave W 1 internals (O.IKKKKI to # valid data pts) 
Set wave W2 internals (0.000(MI to #valid data pts) 
Set wave W3 intemals (0.00000 to #valid data pts) 
Set wave W4 internals (0.00000 to #valld data pts) 
Set wave W5 internals (0,00900 to #valid data pts) 
Set wave W6 internals (0.00000 to #valid data pts) 
Set wave W7 intemals (0.00000 to tfvalid data pts) 



TaskrMakeLoad Allow mouse activity 

Task Begin 

Variable V57 » Variable V59 - Variable loadloop 
String .LoadWav « *^ appended onto end of string 
String _LoadWav = date (c,g. *'1/30/64'0 

String _LoadWav = ".AD 1 i^jpended onto end of string -String _Load Wav" 
If (Variable V57 < 10.00) then . 

String _LoadWav « "O" appended onto end of string "String LoadWav** 

Ifend 

If (Variable V57 < 100.0) then . . . 

String _LoadWav«*Hra|^ded onto end of string ""String LoadWav** 
Ifend 

String _LoadWav « ""Variable VST' appended onto end of string ""String ^LoadWav** 
Variable loadloop » Variable loadloop + 1 .000 



Taskrmaikjml Allow mouse activity 

Task Begin 

Insert" 

"' into journal Journal I 



TaskrpRecord Allow mouse activity 

Task Begin 

Move marker M4 to the 1 1 8.000 position 
Move mariccr M3 to the 1 1 0.000 position 
Move marker M2 to the 10.0000 position 
Control cWashtim » 0.00000 
Control dEpiNum « 2.000 
Control c Voom « 0.00000 



Task:pCL. I Allow mouse activity 

Task Begin 

Move marker M4 to the 6.00000 position 
Move maricer M3 to the 4.00000 position 
Move marker M2 to the 2.00000 position 
Conttol cWashtim 0.00000 
Control dEpiNum » 10.00 
Control cVcom » *50.0 
Control cVStep = -10.0 
Control sGain » 1 .000 
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Control cWashtim « 0.00000 
Control bVpulse « 1.000 

Show Alert: 'KCl) «= V-dcp. chloride current, activates on hypcipolarization 

tSbS^ Allow mouse activity 

Move marker M4 to the 6.00000 position 

Move marker M3 to the 4.00000 position 

Move marker M2 to the 2,(^3090 position 

Control cWashtim 0.00000 

Control dEpiNum = 4.000 

Control cVcom = 100.0 

Control cVStq> « 10.00 

Control sGain » 0.00000 

Control cWashtim « 0.00000 

Control bVpulse » 1 .000 

Show Alert: "I(Cl(Ca)) - calcium-dep. chloride current, activates on dcpolar 

TasknilVcurve am^ 

Task Begin Allow mouse activity 

Move marker M4 to the 6.00000 position 
Move marker M3 to the 4.00000 position 
Move marker M2 to the 2.00000 position 
Control dEpiNum « 12.00 
Control cVcom « 60.00 
Control cVStep - -10.0 
Control bGain » 0.00000 
Control cWashtim -= 0.00000 
Control bMarkers = 1.000 

Show Alert: "IV curve characterizes passive membrane (+10 mV to -100 mV). S 

Task:pMeniRes ah 

Task Begin ^^"""^ "^"^ 

Move maricer M4 to the 6,(KHm position 

Move marker M3 to the 4.00000 position 

Move marker M2 to the 2.00000 position 

Control dEpiNum - 1.000 

Control cVCcom = 10.00 

Control cVCstep » 0.00000 

Control bGain = 0.00000 

Control cWashtim 0.00000 

Control bMarkers 1 .000 

Show Alert: "Membrane resistance measurancnt Applies +10 mV pulse, set Vh= 
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We Claim: 

1 . An apparatus for reproducibly detecting a response of a cell to an 
agent comprising a recording chambers adapted to receive said 
cell; means for perfusing said recording chamber with a plurality 

5 of perfusion solutions each containing a different concentration of 

said agent; and a biosensor to detect said response, 

2. The apparatus of claim 1 wherein said at least one cell is a 
mammalian, insect, or amphibian cell. 

3. The apparatus of claim 1 wherein said at least one cell is a 
1 0 Xertopus oocyte. 

4. The apparatus of claim 1 wherein said agent is selected from the 
group consisting of receptor agonists, receptor antagonists, 
neurotransmitter, neurotransmitter analogues, enzyme inhibitors, 
ion channel modulators, G-protein coupled receptor modulators, 

15 transport inhibitors, hormones, peptides, toxins, antibodies, 

pharmiaceutical agents, chemicals and combinations thereof. 

5. The apparatus of claim 1 wherein said agent is selected from the 
group consisting of purinergics, cholinergics, serotonergics, 
dopaminergics, anesthetics, benzodiazepines, barbiturates, steroids, 

20 alcohols, metal cations, cannabinoids, cholecystokinins, cytokines, 

excitatory amino acids, GABAergics, gangliosides, histaminergics, 
melatonins, neuropeptides, neurotoxins, endothelins, NO 
compounds, opioids, sigma receptor ligands, somatostatins, 
tachykinins, angiotensins, bombesins, bradykinins, prostaglandins 

25 and combinations thereof. 

6. The apparatus of claim 1 wherein said one or more recording 
chamber is a patch clamp pipet. 

7. The apparatus of claim 1 wherein said biosensor is an electrode. 

8. The apparatus of claim 7 wherein said electrode is a voltage 
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measuring or a current injecting electrode. 

9. The apparatus of claim 7 wherein said electrode is a glass patch 
electrode. 

10. The apparatus of claim 1 wherein said biosensor is an electrode or 
5 a microscope. 

1 1 . The apparatus of claim 10 wherein said microscope is a light 
microscope, a confocal microscope or a fluorescence microscope. 

12. The apparatus of claim 1 further comprising an injecting means for 
delivering an injection solution into said cell. 

10 13. The apparatus of claim 1 wherein said means for perfusing is an 
automated perfusion control system. 

14. The apparatus of claim 13 wherein said automated perfusion 
control system is a gravity fed flow through perfusion system. 

15. The apparatus of claim 13 wherein said automated perfusion 

15 control system comprises a plurality of reservoirs containing one or 

more different perfusion solutions; and a valve in fluid 
communication with said plurality of reservoirs for the delivery of 
said one or more different perfusion solution to said recording 
chamber. 

20 16. . The apparatus of claim 15 wherein said plurality of reservoirs 
comprise between about 2 to about 100 reservoirs. 

17. The apparatus of claim 15 wherein said plurality of reservoirs 
comprise between about 6 to about 20 reservoirs. 

18. The apparatus of claim 15 wherein said automated perfusion 
25 control system further comprises a mixing means between said 

fluid valve and said recording chamber. 

19. The apparatus of claim 1 further comprising recording means for 
recording a said detected response from said biosensors. 

20. The apparatus of claim 1 9 wherein said recording means is 
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selected from the group consisting of a digital recorder, a 
computer, volatile memoiy, involatile memory, chart recorder and 
combinations thereof 

21. The apparatus of claim 1 further comprising means for controlling 
5 flie temperature of said recording chamber. 

22. The apparatus of claim 1 further comprising means for controlling 
the oxygen, nitrogen, or carbon dioxide level of said recording 
chamber. 

23. The apparatus of claim 1 which is a tabletop unit with a weight of 
10 less than about 100 pounds. 

24. The apparatus of claim 1 further comprising computer means for 
controUing said perfusion control system. 

25. The apparatus of claim 1 further comprising computer means for 
collecting analyzing and displaying said detected response from 

15 said biosensors. 

26. The apparatus of claim 1 further comprising means for receiving 
and automatically positioning a cell within said recording chamber 
and means for positioning said one or more biosensors to detect a 
response from said cell. 

20 27. An apparatus for reproducibly detecting a set of responses from an 
equivalent set of a set of cells to an agent comprising an equivalent 
set of recording chambers each adapted to receive at least one cell 
of said set; means for serially perfusing each recording chamber 
with a plurality of perfusion solutions each containing a different 

25 concentration of said agent; and one or more biosensors to detect 

said responses. 

28. The apparatus of claim 27 comprising more than 3 recording 
chambers. 

29. The apparatus of claim 27 comprising more than 10 recording 
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chambers. 

30. The apparatus of claim 27 wherein said recording chamber is 
adapted to receive at least about 3 cells. 

3 1 . The apparatus of claim 27 wherein said recording chamber is 
5 ad^ed to receive at least about 1 0 cells. 

32. A method for reproducibly detecting a response of a cell to an 
agent comprising the steps of perfusing a cell in a recording 
chamber with an automated perfusion control system having a 
plurality of solutions comprising different concentrations of one or 

10 more phaimaceutical agents and detecting the response of said cell. 

33. The mediod of claim 32 wherein said response is selected from the 
group consisting of electrophysiological response, morphology^ 
optical response, intracellular activity and membrane activity. 

34. The method of claim 32 wherein said electrophysiological 
15 response is a membrane potential or a membrane currmt. 

35. The method of claim 32 wherein the cell is a mammalian, insect or 
amphibian cell. 

36. The method of claim 32 wherein the cell is a Xenopus oocyte. 

37. The method of claim 32 wherein said agent is selected from the 
20 group consisting of receptor agonists, receptor antagonists, 

neurotransmitters, neutotrannnitter analogues, enzyme inhibitors, 
ion channel modulators, G-protein coupled receptor modulators, 
transport inhibitors, hormones, peptides, toxins, antibodies, 
pharmaceutical agents, chemicals and combinations thereof. 
25 38. The method of claim 32 wherein said agent is selected from the 
group consisting of purinergics, cholinergics, serotonergics, 
dopaminergics, anesthetics, benzodiazepines, barbiturates, steroids, 
alcohols, metal cations, cannabinoids, cholecystokinins, cytokines, 
excitatory amino acids, GABAergics, gangliosides, histaminergics. 
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5 39. 



10 

42. 



melatonins, neuropeptides, neurotoxins, endothelins, NO 
compounds, opioids, sigma receptor ligands, somatostatins, 
tachykinins, angiotensins, bombesins, bradykinins, prostaglandins 
and combinations thereof. 

The metfiod of claim 32 wherein said control system is a gravity 
fed flow through perfusion system. 

40. The method of claim 32 wherein said control system has an 
optimized lag time of less than about 100 milliseconds. 

41. The method of claim 32 wherein said control system has an 
optimized lag time of less than about 50 milliseconds. 
The method of claim 32 wherein said control system has a rise 
time of less than about 1 40 milliseconds. 

43. The method of claim 32 wherein said control system has a rise 
time of less than about 70 milliseconds. 

The method of claim 32 wherein said control system comprises a 
pluiiHty of perfusion reseivoifs containiiig 
perfusion solutions, and a fluid valve, for the delivery of said 

one or more different perfusion 
solution to said recording chamber. 
20 45. The method ofclaim 44 wherein said plurality of reservoirs 
comprise between about 2 to about 100 reservoirs. 

46. The method of claim 44 wherein said plurality of reservoirs 
comprise between about 6 to about 20 reservoirs. 

47, The method of claim 44 wherein said control system further 
comprises a mixing means between said fluid valve and said 
recording chamber. 

The method of claim 32 wherein detecting comprises the step of 
detecting a membrane potential or a membrane cuirent. 
The method of claim 32 wherein detecting is perfonned using glass 



15 44. 



25 

48 
49. 
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patch electrodes. 

50. The method of claim 32 wherein detecting is performed using a 

voltage measuring, a current injecting electrode, or a combination 
thereof. 

5 51. The method of claim 32 wherein detecting further comprising the 
step of clamping said cell at a holding potential of between about 
+200 mV to about -200 mV. 

52. The method of claim 32 further comprising the step of injecting 
one or more injection solutions into said oocyte between said 

10 culturing step and said measuring step. 

53. The method of claim 32 wherein said injection solution comprises 
a second pharmaceutical agent, a protein, a nucleic acid or a 
combination thereof. 

54. The method of claim 53 wherein said nucleic acid comprises DNA, 
15 RNAorPNA. 

55. The method of claim 32 further comprising the step of recording 
the electrophysiological response of said cell. 

56. An assay for detecting a substance which affects a cellular 
response comprising the steps of: 

20 a) injecting a cell with an injection solution; 

b) p«fusing said cell with a plurality of solutions comprising 
different concmtration of said substance using an automated 
perfusion control system; 

c) detecting a change in cellular response said cell using a biosensor; 
25 and 

d) determining the effect of said substance. 

57. The assay of claim 56 further comprising the step of culturing said 
cell for a period of time between said injecting step and said 
perfusing step. 
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58. The assay of claim 56 wherein said period of time is between 
about 1 hour to about 15 days. 

59. A substance identified by the assay of claim 56. 

60. A kit for performing the assay of claim 56. 
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